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Eskisehir Kosullar1 Altinda Baz1 Aspir (Carthamus tinctorius L.) Cesitlerinin
Tarimmsal Performanslarinin Belirlenmesi

Arzu Kése”
Gegit Kusagi Tarimsal Arastirma Enstitiisii, Eskisehir

MAKALE BIiLGiSi OZET

Bu caligmada, iilkemizde tescilli bazi aspir c¢esitlerinin (Yenice, Dinger,
Remzibey, Balci, Linas) Eskigehir ekolojik kosullarinda tane verimi yag orani
ve yag verimi Ozellikleri bakimindan yillara gore degisimleri belirlenmeye
calisgtlmustir. Aragtirma, 2008-2015 yillar1 arasinda, Gegit Kusagi Tarimsal
Aragtirma Enstitiisii (G.K.T.A.E) deneme tarlalarinda gergeklestirilmistir.
Caligsmada, 2008-2012 yillar1 arasinda Yenice, Dinger, Remzibey ve Balci

Makale Gegmisi:

Gelis tarihi: 23.03.2017
Kabul tarihi: 26.03.2017

Anahtar Kelimeler: ¢esitleri kullanilmis olup, 2013-2015 yillart arasinda yiiriitiilen caligmalara
Aspir Linas c¢esidi de almmustir. Caligmada kullanilan ¢esitler tesadif bloklar
Cesit deneme desenine uygun olarak ekilmis ve analiz edilmistir.

Tane verimi Aragtirmanin yiirtitiildiigii 2008-2015 yillarinda denemeye ait ortalama verim,
Yag orani yag orani ve yag verimi degerleri sirasiyla; 88.6 kg da™, % 32.2 ve 29.0 kg da”
Yag verimi 1 773 kg da, % 32.0 ve 25.1 kg da’; 159.5 kg dal, %28.9 ve 46.5 kg da’*;

150.0 kg da!, %33.0 ve 49.9 kg da™; 176.3 kg da™, % 32.6 ve 58.2 kg da’*;
96.5 kg dal, % 33.1 ve 33.0 kg da’l; 122.4 kg da’*, % 29.8 ve 36.4 kg da™;
138.6 kg da™, % 29.0 ve 43.2 kg da! olarak belirlenmistir. Calismada, Balci
ve Linas ¢esitlerinin diger cesitlere oranla daha yliksek yag orani degerine
sahip olduklari, 6zellikle birim alan yag verimi bakimindan Balc1 ¢esidinin 6n
plana ¢iktig1 tespit edilmistir.

Agricultural Performances of Some Safflower (Carthamus tinctorius L.) Vari-
eties Under Eskisehir Conditions

ARTICLE INFO ABSRACT

This study was carried out to determine seed yield, oil content and oil yield
some safflower varieties under Eskisehir ecological conditions and aimed to
identify changes by year.

This research was conducted at the experimental fields of Transitional Zone
Agricultural Research Institute (TZARI), between 2008-2012 using Yenice,
Keywords: Dincer, Remzibey and Balci varieties Linas safflower variety subject to these
trials between 2013 and 2015. Data were collected and analyzed according to

Article history:

Received date: 23.03.2017
Accepted date: 26.03.2017

\Slzfrfilgtwer randomized block design with three replications.

Send ysi/eld Means of seed ){ield, oil conttint and oil yield were foulnd 88.6 kg da‘i, 32.2%
ol confent and 29.0 kg da‘l; 77.3 kg da‘i 32.0% and 25.1 kg da'l; 159.5 kg da‘l, 28.9%
oil Yield and 46.5 kg da™; 150.0 kg da™, 33.0 % and 49.9 kg da™; 176.3 kg da™*, 32.6 %

and 58.2 kg da™*; 96.5 kg da, 33.1% and 33.0 kg da™; 122.4 kg da™, 29.8%
and 36.4 kg da™; 138.6 kg da™, 29.0 % and 43.2 kg da™ in 2008-2015, respec-
tively. In the study Balci and Linas varieties higher oil content than other varie-
ties, especially it was determined to Balci has the highest variety in terms of oil
yield.

*Sorumlu yazar email:arzukose.tr@gmail.com
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1. Giris

Yagl tohumlu bitkiler igerdigi yag, protein, mineral
ve vitaminler nedeni ile insan ve hayvan beslenmesinde
biiyiik bir dneme sahiptir (Kayahan, 1981). Ulkemizde
bir yil icinde tiiketilen yagin biiylik bir kismi ithalat
yolu ile karsilanmaktadir. 2014 yilinda ise yaklagik 4.3
milyar dolarlik yagli tohum, ham yag ve tiirevleri itha-
lati s6z konusu olmustur (Anonymous, 2015). Uzun
yillardan beri devam eden bitkisel yag acigimin gide-
rilmesi i¢in yag bitkilerinin {iretiminin artirilmast bir
zorunluluktur. Tiirkiye’de iiretimi yapilan yagli tohum-
lu bitkilerin ekilis alanlarinin ekolojik olarak marjinal
siirlara gelmis olmast bitkisel yag agigini gidermede
siirlayier bir faktordiir (Kose ve ark. 2008).

Aspir; aygicegi, soya, kolza gibi diger yagli tohum-
lu bitkilere oranla ¢ok daha az su isteyen, kira¢ kosul-
larda rahatlikla yetisebilen ve son yillarda dnemi artan
iklim degisiklikleri konusunda dikkat ¢eken bir bitki-
dir. Aspir, gerek yemeklik yag gerekse biyodizel iire-
timi i¢in onemli bir yag bitkisi olup, kuraklik mukave-
metinin yliksek olmasi nedeni ile diger yagl tohumlu
bitkilerle ekim alanlarin1 paylasma yoniinden rekabete
girmemesi Onemli bir avantajdir.

Amerikan safrani ve boyaci safrani gibi isimlerle de
bilinen, tek yillik, genis yaprakli, sar1, kirmizi, turuncu,
beyaz ve krem renklerinde ciceklere sahip, dikenli ve
dikensiz tipleri olan bu bitkinin, ortalama yag orani %
25-40 arasinda degismektedir (Kdse ve ark. 2011).
Ayrica bitki, ¢igeklerinde bulunan Carthamin ve Cart-
hamidin maddeleri sayesinde, boya maddesi olarak
kullanilmaktadir (Kizil ve Gil, 1999; Kizil ve ark.
2008). Diinyada yilda 1000 ton aspir ¢igegi kullanima
konu olmaktadir (Rajvansh, 2005). Bitki, Cin, Japonya,
Hindistan ve Iran gibi pek ¢ok iilkede, 6nceleri tibbi
amaglarla ve ¢igekleri ise gida ve kumas boyaciliginda
kullanilmasi amaciyla yetistirilmis, daha sonraki do-
nemlerde ise, tohumundaki yagi i¢in de yetistirilmeye
baslanmistir (Rahamatalla ve ark. 1998; Guan ve ark.
1999; Nagaraj ve ark. 2001).

Tirkiye’de aspir bitkisinin 1slahi ile ilgili ilk calis-
malar 1931 yilinda Eskisehir Sazova Tohum Istasyo-
nu’nda baglatilmistir. Bu dénemde yiiriitiilen ¢alisma-
larda kdy populasyonlar: {izerinde durulmus olup top-
lanan materyaller seleksiyon islemine tabii tutulmustur.
1936 yilinda 5 dikensiz aspir ¢esidinin kompoziti olan
5-138 (Yenice) aspir ¢esidi belirlenmistir. Bu ¢aligsma-
lar II diinya savasi nedeni duragan bir doneme girmis-
tir. Daha sonra bu ¢esit 1964 yilinda Yenice ismi ile
tescil ettirilmistir. 1958 yilinda aspir 1slah c¢alismala-
rinda 2. doneme girilmis olup bu donemde gerek yurt
ici gerek ise yurt digindan getirilen materyal ile selek-
siyon 1slah1 caligsmalar1 devam ederken diger taraftan
yeni varyasyonlar yaratmak i¢in melezleme ¢aligmala-
rima hiz verilmistir. Islah ¢aligmalarinin temel amact
erkenci, tane verimi ve yag orani yiiksek yeni genotip-
ler gelistirmek olmustur. Bu ¢alismalar dogrultusunda
1977 yilinda seleksiyon 1slah1 metodu ile Dinger ¢esidi

tescil ettirilmis olup 1985 yilinda 5-154 hatti igin iire-
tim izni alinmigtir. Aspir uzun yillardan beri siiren 1slah
ve agronomi calismalarina karsin bitkinin Tiirk tari-
minda hak ettigi yeri alamamasi nedeni ile kurulugtaki
1slah ¢aligmalar1 1988 yilinda durdurulmustur.

Gegit Kusagi Tarimsal Arastirma Enstitlisii 2000°1i
yillarin basindan itibaren iilke ihtiyaglarimi dikkate
alarak aspir arastirmalarina yeniden baslamis, 2005
yilinda Remzibey cesidini tescil ettirmistir. Enstiti,
gerek tireticinin gerek ise sanayicinin isteklerini dikka-
te alarak devam eden 1slah ¢aligmalar1 sayesinde, 2011
yilinda yiiksek yag, diisiik seliiloz icerigine sahip Balc1
¢esidini tescil ettirerek iiretime kazandirmistir. Tarim-
sal Arastirmalar ve Politikalar Genel Midiirliigii biin-
yesinde yer alan Trakya Tarimsal Arastirma Enstitiisii,
islah ¢aligmalarima 2003 yilinda baslamis olup, 2013
yilinda Linas, 2015 yilinda Olas ¢esitlerini tescil ettir-
mistir. 2008 yilinda aspir 1slah arastirmalarina basla-
yan Bahri Dagdas Uluslararast Tarimsal Arastirma
Enstitiisii ise 2013 yilinda kisa dayanimi yiiksek Ayaz
¢esidine {iretim izni almistir. Bununla birlikte tiniversi-
telerde aspir bitkisi ile ilgili arastirmalar son yillarda
hiz kazanmustir, Selcuk Universitesi ve Siileyman De-
mirel Universitesi Ziraat Fakiiltesi biinyesinde de aspir
1slah ¢alismalar1 basglamistir.

Bu ¢aligmanin amaci iilkemizde tescilli olan aspir ¢esit-
lerinin Eskisehir kosullar1 altinda verim, yag orani ve
yag verimi gibi 6zellikleri bakimmdan performaslarini
belirlemektir. Ayrica bu 6zellikler bakimindan gesitle-
rin her yil degisen cevre sartlarina tepkilerini belirle-
mek hedeflenmistir.

2. Materyal ve Metot

Arasgtirmada iilkemizde tescili gergeklestirilmis Ye-
nice, Dinger, Remzibey, Balci, Linas gesitleri kullanil-
migtir. 2008-2015 yillarint ig¢ine alan bu g¢alismada
Linas aspir ¢esidi 2013-2015 yillart arasinda yiiriitiilen
galismalarda denemelere konu olmustur. Yenice gesi-
dinin bitki boyu 100-120 c¢m civarinda degismektedir.
Bitki govdesi, yaprak ve c¢igekleri dikensiz yapiya
sahip olup, c¢igek rengi kirmizi, tane rengi beyazdir.
Bitki boyu 90-110 cm arasinda degisen Dinger ¢esidi-
nin govdesi, yaprak ve ¢igekleri orta derecede dikenli-
dir. Cicek rengi sari-turuncu, tane rengi ise beyazdir.
Remzibey ¢esidine ait bitki boyu 60-80 cm civarinda-
dir. Bitki govdesi, yaprak ve gigekleri dikenli yapiya
sahiptir. Cigek rengi sar1, tane rengi ise beyazdir. Balci
aspir ¢esidi 55-70 cm arasinda degisen bitki boyuna
sahip olup gerek govdesi gerekse yaprak ve ¢igekleri
oldukca dikenli bir yapiya sahiptir. Cigek rengi sari,
tane rengi ise beyazdir. Linas, 85 — 90 cm arasinda
degisen bitki boyuna sahip bir aspir ¢esididir. Cigek
rengi turuncu- kirmizi olan gesit dikenli bir yapiya
sahip olup tane rengi beyazdir. Denemelerin yiiriitiil-
diigii Eskisehir ili karasal iklim 6zelliginde olup, yazla-
11 sicak ve kurak, kislar1 ise soguk gecmektedir. Calis-
ma Gegit Kusag1 Tarimsal Arastirma Enstitiisii deneme
tarlalarinda yiiritiilmiistiir. Calismanin  yiriitiildagi
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yillara ve uzun yillara ait ortalama sicaklik ve yagis

Cizelge 1

Yillara ve vejetasyon dénemine ait ortalama sicaklik degerleri (2008-2015)

miktarlart Cizelge 1 ve Cizelge 2’de verilmistir.

YILLAR Mart Nisan Mayis Haziran Temmuz Agustos
Uzun Yillar
(1965-2007) 5.0 10.1 15.6 19.3 21.2 21
2008 7.1 11 13 18.9 20.9 224
2009 3.6 8.9 13.3 18.6 20.8 19.9
2010 5.9 9.2 15.2 18.1 22.0 244
2011 3.7 7.2 0.5 16.6 21.6 20.0
2012 15 12.4 14.0 20.0 21.6 20.8
2013 7.1 10.8 17.7 20 22.8 224
2014 6.2 11.3 16.4 19.9 23.7 241
2015 5.7 7.9 15.7 17.2 221 22.7
Cizelge 2
Yillara ve vejetasyon donemine ait toplam yagis degerleri (2008-2015)
YILLAR Mart Nisan Mayis Haziran Temmuz Agustos Vejetasyon Donemi  Yillik Toplam
Uzun Yillar
(1965-2007) 334 352 433 28.6 13.5 6.4 160.4 3475
2008 424 385 117 9.3 0.0 55 107.4 285.6
2009 409 28.0 154 10.2 19.4 2.0 115.9 385.4
2010 326 239 207 79 7.4 0.9 164.5 353.8
2011 200 56.9 1458 9.4 8.5 0.0 240.6 443.6
2012 56.4 221 809 0.0 5.5 3.5 168.4 374.6
2013 332 378 95 14 0.8 0 95.3 254.1
2014 271 232 538 70.5 20.4 12.2 207.2 318.7
2015 46.0 413 612 1253 0 63.5 337.3 643.0

Denemelerin ekimi Mart ay1 igerisinde tesadiif
bloklar1 deneme desenine uygun olarak 4 tekerriir ha-
linde, her parselde 6 sira, sira arast 45 cm olacak sekil-
de ekilmigtir (Yurtsever, 1982). Calismada aspir bitkisi
icin Onerilen tiim kiiltiirel uygulamalar yerine getiril-
mistir (Dinger ve Cetinel, 1973). Denemelerin hasadi
verimi ve yag orani degerlerinden hesap yoluyla yag
verimi belirlenmistir.

Agustos ayinda gergeklestirilmis olup hasatta, parsel-
deki 4 siranin hasadi gerceklestirilmistir. Arastirmada
tane verimi parsel agirliklarinin dekara cevrilmesi ile
belirlenmistir. Cesitlerin ham yag oranlariin tespitinde
soxhlet cihazi kullanilmig olup her parsele ait tane

Arastirmada elde edilen verilerin varyans analizleri
JUMP 7.0 paket programi kullanilarak yapilmis olup,
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Oonemli bulunan faktér ortalamalari A.O.F.Testi ile

3. Arastirma Sonuglari ve Tartisma

Genel olarak aspir 1slah arastirmalarinin amaci,
farkli istek gruplarma yonelik yeni aspir gesitlerini
gelistirerek bunlar1 iiretim zincirine dahil etmektir.
Uretici yiiksek verimli gesitler ile iiretimini gercekles-
tirmek isterken, sanayici ise bu iriinden maksimum
diizeyde hammadde temin etmek istemektedir. Bu
dogrultuda, 1slah ¢aligmalarinda birim alan yag verimi
onemli bir unsur olarak karsimiza ¢ikmaktadir. Bu
nedenle caligmada, iilkemizde tescili gergeklestirilmis
aspir gesitlerinin tane verimi ve yag orani disinda yilla-
ra gore birim alan yag verimi degerlerinin degigimleri
de belirlenmeye ¢aligilmistir.

Aragtirmanin yiiriitildiigi 2008-2009-2010-2011 ve
2012 yillarinda denemeye ait ortalama verim, yag orani
ve yag verimi degerleri sirasiyla 88.6 kg da™, % 32.2
ve 29.0 kg da*; 77.3 kg da™, % 32.0 ve 25.1 kg da™;
159.5 kg da™, %28.9 ve 46.5 kg da*; 150.0 kg da™,
%33.0 ve 49.9 kg da*; 176.3 kg da™*, %32.6 ve 58.2 kg
da® olarak belirlenmistir (Cizelge 3,4). Bu yillarda
icerisinde en diisiik ortalama tane ve yag verimi degeri
2008 ve 2009 yillarinda belirlenmistir. Cizelge 1 ve
Cizelge 2’nin de incelenmesinden de anlasilacagi iizere
her iki yilda da ortalama sicaklik degeri uzun yillar
ortalamasina yakin olmasina karsin, toplam yagis mik-
tart uzun yillar ortalamasinin altinda kalmistir. 2010,
2011 ve 2012 yillarinda yiiriitiilen denemelerde g¢esitle-
rin verim diizeylerindeki artisin sebebi ise yagislarin
bitkinin suya en hassas oldugu sapa kalkma ve /veya
ciceklenme Oncesi donemde gergeklesmelerinden kay-
naklanmaktadir. Agasimani ve ark. (1997) yirittiikleri
¢aligmada, aspir bitkisinin erken biiylime doneminde
gelen yagis ve suyun tane verimi {izerine olumlu etkide
bulundugundan bahsetmektedir.

Arastirmanin 2008-2012 yillarini igine alan dénem-
de en yiiksek yag orant % 39.4 ile 2009, en diisiik yag
orani ise %24.3 ile 2010 yilinda belirlenmistir (Cizelge
3,4). Johnson ve ark. (1999); Zhang ve Chen (2005);
Koutroubas ve Papadoska (2005) ve Gawand ve ark.
(2005) yirittikleri ¢alismalarinda yag oranlarinin
sirastyla,  %13-46,  %23.8-40.3, %26.7-35.7 ve
%26.3-28.5 arasinda degisim gosterdiklerini bildirmis-
lerdir. Bu 0zellik bakimindan belirlenen farkliliklar,
genotip ve ¢evre sartlart ile kiiltiirel uygulamalarin bir
sonucudur. Yiriitilen bu denemelerde yillar arasinda,
yag orani bakimindan farklilik belirlenmis olsa da bu
ozellik acisindan c¢esit siralamalari birbirine parallelik
gostermigtir. Bu durum ise aspir bitkisinde, tanedeki
yag oraninin iklim kosullarina gore degismekle beraber
agirlikli olarak genotipe bagli bir karakter oldugunu
gostermektedir. Hang ve Evans (1985) yiiriittiikleri
calismada aspir bitkisinde yag oraniin agirlikli olarak
ceside bagli bir karakter oldugunu vurgulamislardir.
2013 yilinda yiiriitiilen denemede tane verimi 81.3-
106.6 kg da-, yag oram1 %27.7-38.5, yag verimi 22.6-

gruplandirilmistir.

37.8 kg da-* ise arasinda degisim gostermistir (Cizelge
5). Bu yil ozellikle ¢iceklenme doneminde gelen yik-
sek sicakliklar tozlanma ve dollenme iizerine olumsuz
etki yapmustir (Cizelge 1). Ayrica vejetasyon done-
minde yagis miktarinin uzun yillar ortalamasinin ol-
dukca altinda gerceklesmesi Ozellikle tane ve yag ve-
rimi degerlerinde diismelere sebep olmustur (Cizelge
2).

Aragtirmanin yiiriitildigii 2014 yilinda tane verimi
111.0-142.0 kg da™ yag oram %24.7-36.3,yag verimi
ise 27.4-46.2 kg da-1 arasinda degisim gostermistir.
Denemeye ait ortalama degerler ise tane verimi baki-
mindan 122.4 kg da™, yag oram bakimindan % 29,8
olarak belirlenmistir. Denemeye ait ortalama yag veri-
mi ise 36.4 kg da™ bulunmustur (Cizelge 5).

2015 yilinda yiiriitiilen ¢calismada, ortalama degerler
dikkate alindiginda ele alinan tiim karakterler bakimin-
dan Balc1 ve Linas aspir ¢esitlerinin 6n plana ¢iktig
goriilmektedir. Bu yilda uzun yillar ortalamasinin ¢ok
tizerinde gergeklesen yagislar bu gesitlerin  yiiksek
verim diizeyine sahip olmalarina sebep olmustur. An-
cak 2015 yilinda gergeklesen yiiksek sicaklik ve yagis
degerleri Dinger ve Remzibey cesitlerinin 6zellikle
Alternaria carthami hastaligindan ¢ok etkilenmelerine
sebep olmustur. Bu durum her iki gesitte tane ve yag
veriminde diigiislere sebep olmustur. Yenice c¢esidi
genel olarak tane verimi bakimindan Dinger ve Remzi-
bey cesitlerine gore daha diisiik potansiyele sahip ol-
masina ragmen, bu yilda belirtilen gesitleri verim ba-
kimindan ge¢mistir. Bu durumun, Yenice ¢esidinin
gegei olmasi nedeni ile yagis ve sicakligin sebep oldu-
gu hastaliklardan daha az etkilenmesinden ve hastalik-
lara dayanikliligindan kaynaklandigi s6ylenebilir.

4. Sonug

Aspir tretiminde verim, yag orani ve yag verimi
gibi karakterlere basta genetik faktdrler olmak iizere
cevresel sartlar 6nemli etkide bulunmaktadir. Ozellikle
tane verimi Uretimin yapildigi bolgenin yagis miktari
ve bu yagisin dagilimindan oldukca etkilenmektedir.
Bu nedenle aspir iiretiminin yapilacagi alanlarda gesi-
din ozellikleri yaninda, mevcut ekolojiye gdstermis
olduklar1 tepkiler aragtirmali ve tavsiyeler bu dogrultu-
da yapilmalidir.

Bu arastirma sonuglart dogrultusunda, Yenice gesi-
dinin verim ve yag orani bakimindan ¢alismada kulla-
nilan diger cesitlere oranla oldukca diisiik degerler
verdigi belirlenmistir. Ancak bu ¢esidin 6nemli 6zellik-
leri bakiminda 1slah ¢aligmalarinda genitor olarak kul-
lanilmas1 mumkiindiir. Dinger ¢esidinin 6zellikle bii-
ylime donemi boyunca yagisin diizenli olarak dagildigi
yillarda verim bakimindan 6n plana ¢ikan bir cesit
oldugu belirlenmistir.



Kose / Selcuk J Agr Food Sci, (2017) 31 (2), 1-7

Cizelge 3

Bazi aspir ¢esitlerine ait tane verimi, yag orani ve yag verimi degerleri ve istatistiki gruplar (2008-2010)

Cesitler 2008 2009 2010
Tane Yag Yag Tane Yag Yag Tane Yag Yag
verim orani verim verimi orani verim verim orani verim
kglda % kglda kg dat % kglda kglda % kglda
Yenice 777 B* 265 C 206 C 533 C 252 D 135 C 1360 B 243 B 330
Dinger 767 B 324 B 243 BC 742 B 326 B 241 B 1773 A 270 B 478
Remzibey 91.0 AB 317 B 295 B 1027 A 309 C 318 A 1522 B 273 B 416
Balet 1090 A 382 A 416 A 788 B 394 A 310 A 1723 A 370 A 6338
Ortalama 88.6 322 29.0 77.3 32.0 25.1 159.5 28.9 46.5
AOF 18.5 2.6 5.8 8.4 1.7 2.8 18.4 35 8.4
D.K 10.5 4.3 10.3 55 15 5.6 5.9 6.2 9.2
Cizelge 4
Bazi aspir ¢esitlerine ait tane verimi, yag oran1 ve yag verimi degerleri ve istatistiki gruplar (2011-2012)
Cesitler 2011 2012
'I_'ar}e Yag orant Yag Tane veri- Yag \_(ag
verimi kg o verimi kg i kg dat orani verimi kg
da’ ° da’ mi kg da % da™
Yenice 107.3 B* 30.1 B 32.3 C 140.7 B 29.0 B 4038 C
Dinger 165.5 A 32.9 B 54.1 B 196.0 AB 312 B 61.0
Remzibey  151.5 A 30.7 B 46.5 B 152.7 B 31.9 B 482 BC
Balc1 175.7 A 38.1 A 66.8 A 216.0 A 38.3 A 827 A
Ortalama  150.0 33.0 49.9 176.3 32.6 58.2
A.OF 9.1 4.2 11.6 57.9 6.8 19.3
D.K 9.4 3.7 9.9 16.4 4.4 16.8

*Harfler 0.05 diizeyinde farkli gruplar gostermektedir.
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Cizelge 5
Bazi aspir ¢esitlerine ait tane verimi. yag orani ve yag verimi degerleri ve istatistiki gruplar (2013-2015)

Cesitler 2013 2014 2015
Tane g5 Yag Tane Yag Yag Tane Yag Yag
verimi orani venmi verimi orant Verimi verimi orani verimi
kglda % kg 1da kg 1da % kg da® kg 1da % kg 1da

Yenice 81.3 277 D 226 B 1113 C 247 C 274 C 1580 B 240 C 379
Dinger  106.4 326 B 348 A 1420 A 260 BC 370 B 627 C 202 D 126

Remzibey 106.6 302 C 320 A 1207 BC 278 B 335 B 754 C 279 B 209

Balci 97.9 385 A 378 A 1270 AB 363 A 462 A 1972 A 369 A 726
Linas 90.1 365 A 377 A 1110 C 344 A 382 B 1997 A 360 A 718
Ortalama  96.5 33.1 33.0 122.4 29.8 36.4 138.6 29.0 43.2
AOF 24 7.8 14.9 25 5.8 25.9 11 8.4
D.K 114 3.8 13.2 6.5 4.7 8.5 10.1 2.2 10.4

*Harfler 0.05 diizeyinde farkli gruplan gostermektedir.

Cesit ozellikle ¢igeklenme Oncesi gelen yiiksek nem,
sicaklik ve yagislardan, hastaliklara yakalanma agisin-
dan olumsuz yonde etkilenmektedir. Remzibey gesi-
dinin; yagisin diisiik oldugu yillarda deneme ortalama-
smin iizerinde verim degerine sahip bir ¢esit olmasina
karsin yag orani ve yag verimi bakimindan her gecen
yil daha diisiik degerlere sahip oldugu belirlenmistir.
Bunun nedeni; ¢esidin kademeli tohumluk iiretimini
siirlayan ve morfolojik olarak da gozlemlenen gene-
tik agilma olabilir. Balc1 ve Linas aspir ¢esitleri ise
diger cesitlere oranla daha yiiksek yag oranina sahip
oldugu belirlenmis olup &6zellikle birim alan yag veri-
mi bakimindan Balci g¢esidinin 6n plana ¢iktigi tespit
edilmistir.
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Makale Gegmisi: Ulkemizin farkli aragtirma kummlgrmda yeni arpa ({'eslivtleri geli§tirrr}e}< amacty-
) o la 1slah programlan yiiriitiilmektedir. Islah hedefleri yiiksek verim, iyi kalite ve
Gelis tarihi: 10.03.2017 hastalilara direng iizerine odaklanmustir. Bu galisma 5 standart gesit (Karatay-
Kabul tarihi: 17.05.2017 94, Tarm-92, ince-04, Tokak 157/32 ve Larende) ve 19 ileri arpa hatti ile 2013-
2014 yetistirme sezonunda Konya-merkez, Cumra ve Aksaray lokasyonlarinda

tesadiif bloklar1 deneme desenine gore 3 tekerriirlii olarak yiirtitiilmiistiir. Var-

Anahtar Kelimeler: yans analiz sonucunda bin tane agirligi, hektolitre agirligi, elek iisti, protein
Arpa orani, selilloz ve irilik ozellikleri arasinda Onemli farklar tespit edilmistir.
Hat Arastirma sonuglarina gore bin tane agirligi 40.14-50.57 g, hektolitre agirlig

. 68.30-76.00 kg/hl, elek tsti %(2.5+2.8) 10.70-92.20, protein oran1 % 12.03-
Cesit 14.46, seliiloz oran1 6.28-7.10 ve irilik derecesi 1-8 arasinda degismistir. ince-
Lokasyon lenen ozellikler bakimindan gesitler ve lokasyonlar arasinda 6nemli farkliliklar
Kalite bulunmustur.
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1. Giris

Diinyada ve iilkemizde arpanin en 6nemli tiiketim alani,
hayvan yemi ve malt sanayisi olup, ililkemiz diinyanin

onemli arpa iireticileri arasinda yer almaktadir.

Serin iklim tahillar1 igerisinde arpa, diinyada ve
Tirkiye’de de ekilis ve tiretim yoniinden bugdaydan
sonra 2. strayl alan tahildir. Onceleri insan beslenme-
sinde kullanilan arpa, bugiin hayvan beslenmesinde ve
bira sanayinde olmak iizere baslica iki amagla yetisti-
rilmektedir(Kiin, 1988).

Genel olarak hayvan beslenmesi, malt yapimi ve
azda olsa insan gidasi olarak tiiketilen arpa, diinya
yiizeyinde agirlikli olarak yari kurak ve yari nemli
alanlarda, ¢ok farkli enlem ve boylamlarda tarimi yapi-
lan bir tahil cinsidir. AB ve ABD gibi gelismis iilkeler-
de oncelikli olarak malt yapimi igin tarimi yapilirken,
gelismekte olan iilkelere dogru gidildik¢e hayvan yemi
ve insan beslenmesinde kullanilan arpa, 1960’11 yillar-
da diinya genelinde 100 milyon ton civarinda iiretilir-
ken, son on yillik ortalama dikkate alindiginda iiretimi
yaklagik 145 milyon tona ¢ikmustir (Anonim, 2015).
Ayn1 dénemdeki verim rakamlar1 incelendiginde birim
alan veriminin 150 kg/da’dan 250 kg/da diizeyine ulas-
tig1 goriilmektedir. Son 50 yil igerisinde diinya gene-
linde arpa tiretiminde % 45°lik bir artig goriiliirken
birim alan veriminde ise % 60°lik bir yiikselis saglan-
mustir.

Ulkemizde arpa tariminda iiretim artist 1930 ve
1960 yillar1 arasinda genel olarak yeni tiretim alanlari-
nin (1930°da 1.4 milyon ha iken 1960’da 2.78 milyon
ha) arpa tarimina agilmasindan saglanirken, 1960-2000
yillar1 arasinda ekiliste %20’ye varan artisa karsin,
birim alan veriminde %120’ye varan artis olmus-
tur(Anonim, 2015). Arpada kalite kavrami iiriiniin
kullanim alanina gore degismektedir. Arpa tanesi yak-
lagik 8-12 mm uzunluk, 3-4 mm genislik ve 2-3 mm
kalinliktadir. Bu boyutlar cesitlere ve 6zellikle iki ya da
alt1 siral1 ve sik ya da seyrek basakli olusuna gore degi-
sir. Bin tane agirligr 30-62 g, hektolitre agirligir 60-72
kg arasinda bulunur. Arpa bilesiminde kuru maddede
yaklasik %352-72 nisasta, %9-14 protein ve nisasta
olmayan polisakkarit olmak {izere sirayla %4-6 seli-
loz/lignin, %3-6 beta-glukan ve %4-7 arabinoksilan
bulunmaktadir(MacGregor, 1998).

Bu ¢alismada arpa islah programimin bolge verim
kademesindeki genotiplerin fiziksel ve kimyasal kalite
ozelliklerini belirlemek, kalite 6zellikleri yoniiyle iimit
var olan hatlari, standartlarla karsilastirilarak {istiin
performans gosteren genotipleri tespit etmek, yiiksek
verimli ve kaliteli arpa ¢esidi gelistirme ¢alismalarina
katkida bulunmak amag¢lanmustir.

2. Materyal ve Yontem

Bu c¢aligmada 2013-2014 yetistirme déneminde ku-
ru kosullarda arpa genotiplerinin (5 standart cesit ve 19

Uretim miktar1 agisindan da bitkisel iiriinler igerisinde
en 6nemli yeri tutan hububat grubu iirtinlerin iiretiminde
en onemli yeri %62'lik paya sahip olan bugday tutmakta,
% 26.5'lik pay: ile arpa ikinci sirada, % 8.8 ile misir
ticlincii sirada yer almaktadir(Akova, 2005).

hat) farkli lokasyonlarda (Konya merkez, Aksaray ve
Cumra) tesadiif bloklar1 deneme desenine gore ii¢ te-
kerriirlii olarak yiiriitiilmiistiir. Ekim kuru kosullarda
550 adet/m® tohum olacak sekilde ve parsel boyutlar:
8.4 m?, 6 sira ve sira aras1 20 cm olarak parsel mibze-
riyle ekim yapilmistir. Ekimle birlikte 3.5 kg/da N ve
6.9 kg/da P,0s ve st glibre olarak 4 kg/da N verilmis-
tir. Bitki yetistirme déneminde Konya merkez lokasyo-
nunda toplam 205.6 mm yagis almmustir.

Arastirmada Arpa Bolge Verim-1 kademesindeki
hat ve standart gesitlerin baz1 kalite caligmalari iKi
tekerriirlii olarak yapilmigtir. Bin tane ve hektolitre
agirliklart (Elgiin ve ark., 2001), protein orani (%)
(NIR) AACC 39-10 metoduna gore Anonim (1990),
seliiloz oran1 John 660 marka near infrared reflektans
spektroskopi kullanilarak analiz edilmistir. Elek anali-
zi, 100 gram numune 4 dk. (2.2,2.5,2.8) eleklerde ele-
nerek (Elgiin ve ark., 2001) ve irilik dagilimi (Williams
ve ark., 1988)’e gore yapilmstir.

Bu proje kapsaminda elde ettigimiz verilerin (Ano-
nim, 2014) istatistik programiyla varyans analizleri
yapilmis, Onemli ¢ikan ortalamalar gruplandirilarak
kalite ozellikleri yoniiyle iistiin performans goésteren
genotipler belirlenerek, arpa 1slah materyallerinin se-
leksiyonunda kullanilmistir.

3. Arastirma Sonuglar1 ve Tartisma

Arpa 1slah calismalarinda temel amaglar birim
alandan elde edilen tane verimini artirmak, yiiksek
kaliteli ve kullanim amacina uygun yeni genotipler elde
etmektir. Bu ¢calismada genotiplerin bin tane agirligmin
cevrelerdeki degisimleri incelenmis ve incelenen tiim
ozellikler yoniinden dnemli farkliliklar tespit edilmistir.
Genotiplerin ortalama bin tane agirhg 45.98 g olup,
Aksaray, Konya ve Cumra lokasyonlar1 ortalamalari
sirastyla 48.60, 44.24 ve 45.10 g olmustur(Tablo 2).

Genotiplerin ii¢ ¢evredeki bin tane agirligi ortala-
malar1 40.15-50.58 g arasinda degisirken, denemede
yer alan 19 genotipin ortalamasi 45.98 g ve standartla-
rin ise 46.43 g olmustur. En yiiksek bin tane agirligi
50.58 g ile 20 no’lu hattan elde edilmis ve en diigiik
deger ise 40.15 g ile 24 no’lu hattan elde edilmis-
tir(Tablo 2). Standartlar i¢inde en yiiksek bin tane de-
geri Tarm-92 ve Tokak 157/32 cesitlerinde tespit edil-
mistir. Aydogan ve ark (2011), 2006-2008 yillarinda
Konya-merkez ve Cumra lokasyonlarinda yaptiklar bir
calismada Karatay-94, Tokak-157/37, Anadolu-98 ve
Tarm-92 ¢esitlerinde sirasiyla 43.17, 41.53, 41.40 ve
41.11 g bin tane agirlig tespit etmislerdir.
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Arpada protein maltlik ve yemlik karakterlerle ilgili %12.93 olup, Aksaray, Konya-merkez ve Cumra gevre-
olup, malthik cesitlerde diisiik, yemlik ¢esitlerde ise leri ortalamalar1 sirasiyla % 12.24, 12.04 ve 14.51
yiiksek protein istenmektedir (Kiin ve ark., 1992). olmustur(Tablo 3).

Denemede yer alan genotiplerin ortalama protein orani

Tablo 1. Genotiplerin Incelenen Kalite Ozelliklerine Ait Kareler Ortalamasi1 Varyans Analiz Sonuglari

Kaynak SD Bin tane Protein Seliiloz Hektolitre Elek tistli %(2.5+2.8)
Lokasyon 2 510.1205** 180.24469** 2.4943056** - -

Cesit 23 667.6679 56.89824**  6.5265972* 177.38667** 18279.93**
Tekerriir 1 0.25 1.18266 0.0850694 2.25333* 0.255
Lokasyon*Cesit 46 1463.4823 33.37781 5.9623611 - -

Hata 71 2013.4955 55.42279 8.289931 1.02667 121.47

* (p<0.05), ** (p<0.01)

Tablo 2. Genotiplerin Lokasyonlara Gére Bin Tane Agirliklarmin Ortalama Degeri

Bin Tane Agirligi (g)

Genotipler Aksaray Cumra Konya Ortalama

2 40.18 49.15 46.40 45.24

3 4492 44.20 44.90 44.67

4 43.98 45.20 41.34 43.51

6 50.32 44.95 44.18 46.48

8 46.62 47.20 46.10 46.64

9 43.70 41.60 41.06 4212

10 51.88 41.25 41.74 44.96

11 49.82 42.75 44.68 45.75

12 54.12 46.35 45.98 48.82

14 47.44 47.05 48.58 47.69

15 51.08 45.70 47.16 47.98

16 44.50 46.60 40.46 43.85

17 52.26 48.15 43.74 48.05

18 52.48 42.75 41.98 45.74

20 53.56 48.75 49.43 50.58

21 49.16 43.00 44.30 45.49

22 48.72 43.45 45.24 45.80

23 51.14 44.15 48.28 47.86

24 50.70 24.38 45.36 40.15

Hatlarin Ortalamasi 48.76 44.03 44.78 45.86

Karatay-94 46.10 47.70 45.94 46.58

Tarm-92 48.20 47.10 46.56 47.29

Ince-04 45.64 48.20 42.70 45,51

Tokak 157/32 48.36 46.25 46.42 47.01

Larende 51.40 35.95 49.92 45.76

Standartlarin Ortalamasi 47.94 45.04 46.30 46.43

Genel Ortalama 48.60 44.24 45.10 45.98

AOF(0_05) 2.11

DK% 5.56
Genotiplerin {i¢ ¢evredeki protein oran1 ortalamalar1 Standartlar icinde en yiiksek protein degeri ince-04
%12.04-14.46 arasinda degisirken, denemede yer alan ¢esidinden elde edilmistir. Aydogan ve ark.(2011),
19 genotipin ortalamasi %13.04 ve standartlarin ise 2006-2007 yilinda ortalama protein orani Cumra lo-
%12.50 olmustur. En yiilksek protein ortalamasi kasyonunda %212.83, Konya-merkez lokasyonunda
%14.46 ile 3 no’lu hattan elde edilmis ve en diisiik %10.81, 2007-2008 yilinda ise ortalama protein Cumra

deger ise %12.04 g ile 15 no’lu hattan elde edilmistir.
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lokasyonunda %9.25, Konya-merkez lokasyonunda
%13.37 olarak tespit etmislerdir.

Arpa gesitlerinin protein igeriklerinin kalitm dere-
celerinin disiik ve ¢evreden ¢ok etkilenen bir 6zellik
oldugu bildirilmistir (Atli ve ark., 1989). Nitekim tane-
deki protein oranmin gevre ve genotipe bagli olarak

degistigi sonucuna varilmistir. Bu aragtirmadan elde

11

edilen bulgular, Bozkurt (1999), Karadogan ve ark.
(1999), Karahan (2005) ve birgok arastiricilarin bulgu-

lariyla paraleldir.

Tablo 3. Genotiplerin Lokasyonlara Goére Protein Orani Ortalama Degeri

Protein Orani (%)

Genotipler

Aksaray Cumra Konya Ortalama
2 12.39 12.37 13.55 12.77
3 14.06 13.00 16.33 14.46
4 13.67 13.16 15.27 14.03
6 13.06 13.34 15.44 13.94
8 14.05 12.34 14.71 13.70
9 12.96 11.59 14.52 13.02
10 12.75 12.06 15.26 13.35
11 11.61 11.19 13.92 12.24
12 11.35 11.30 14.43 12.36
14 11.32 11.05 14.50 12.29
15 11.17 11.23 13.72 12.04
16 11.53 11.52 14.22 12.42
17 12.22 11.71 15.61 13.18
18 10.93 12.04 14.35 12.44
20 12.14 12.89 14.72 13.25
21 12.33 13.56 14.33 13.41
22 11.40 13.03 14.85 13.09
23 11.46 12.08 14.40 12.65
24 12.48 12.05 14.83 13.12
Hatlarm Ortalamasi 12.25 12.18 14.68 13.04
Karatay-94 11.60 11.49 13.77 12.29
Tarm-92 11.82 12.31 13.65 12.59
Ince-04 12.40 11.37 14.49 12.75
Tokak-157/32 11.91 11.62 14.30 12.61
Larende 13.16 10.71 13.04 12.30
Standartlarin Ortalamasi 12.17 11.50 13.85 12.50
Genel Ortalama 12.24 12.04 14,51 12.93
AOF 05 1.15
DK 4,57

Arpa da 6nemli olan diger bir 6zellik ise seliiloz
analizi olup, yemlik arpalarda diisiik olmas1 istenmek-
tedir. Denemenin yiiriitiildigii lokasyonlarda seliiloz
oraninin  %6.40 ile %7.10 arasinda degistigi tespit
edilmistir. Ug lokasyon ortalamast %6.71 olarak belir-
lenmistir. En yiiksek seliiloz orani 8 no’lu hattan %7.10
ve en diistik ise 18 no’lu hattan % 6.40 elde edilmistir.
Standart cesitlerde ise en diisiik deger ince-04 cesidin-
de belirlenmistir. Lokasyon bazinda degerlendirdigi
mizde Aksaray lokasyonu %6.80, Cumra %6.80 ve
Konya-merkez % 6.52 selilloz orami elde edilmistir
(Tablo 4).

Aydogan ve ark. (2011), farkli ¢evrelerdeki arpa
genotiplerinin degisimlerini inceledikleri bir ¢alismada
2006-2007 y1l1 ortalama seliiloz oranini %5.73, Konya-
merkez lokasyonunda %5.75 ve Cumra lokasyonunda
%S5.71 olarak tespit etmislerdir.

Hektolitre agirhigi, iklim kosullarma, irilik diizeyi-
ne, kavuz orani ve endosperm yapisina gére degisebilir.
Cesidin basak sira sayis1 da degisebilir. Ayn1 ekolojide
yetistirilen 6 sirali bir ¢esidin hektolitre agirligi, elve-
rigsiz bir {irlin yilinda 2 siral ¢esitlerden daha diisiik bir
deger gosterebilir (Kiin ve ark., 1992).

Genotiplerin ortalama hektolitre agirliklari analizle-
ri Konya merkez lokasyonunda tespit edilmistir. De-
nemede yer alan materyalde ortalama deger 71.27 kg/hl
olup, deneme aralifn ise 68.30-74.30 kg/hl arasinda
degisirken, denemede yer alan 19 genotipin ortalamasi
71.37 kg/hl ve standartlarin ise 70.86 kg/hl olmustur.
En yiiksek hektolitre agirlig1 ortalamasi 74.30 kg/hl ile
21 no’lu hattan elde edilmis ve en diigiik deger ise 11
ve 14 no’lu hattan elde edilmistir. Standartlar i¢cinde en
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yiiksek hektolitre agirligi Larende gesidinde elde edil-
mistir(Tablo 5).

Arpada elek analizleri tanenin dolgunluk ve zayif
olmasini belirttigi gibi tanenin homojen olup olmadigi
hakkinda da fikir vermektedir. Genotiplerin ortalama
elek istii (2.5+2.8) analizleri Konya merkez lokasyo-
nunda yapilmustir.

Denemede yer alan genotiplerin ortalamas1 %62.52
olup, deneme aralhigi ise %10.70-92.20 arasinda degi-

Tablo 4. Genotiplerin Lokasyonlara Gore Seliiloz Orani Ortalama Degerleri

sitken, denemede yer alan 19 genotipin ortalamasi
%060.44 ve standartlarin ise %70.60 olmustur. En yiik-
sek elek iistii ortalamast % 92.20 ile 21 no’lu hattan
elde edilmis ve en diigiik deger ise 16 no’lu hattan elde
edilmistir. Standartlar i¢inde en yiiksek %(2.5+2.8)
elek listli degeri Karatay-94 ¢esidinde elde edilmistir
(Tablo 5).

Genotipler Seliiloz Orani1 (%)
Aksaray Cumra Konya Ortalama
2 7.10 6.65 6.45 6.73
3 6.80 6.55 6.25 6.53
4 7.05 6.65 6.45 6.72
6 7.00 6.55 6.60 6.72
8 7.00 7.45 6.85 7.10
9 7.00 6.80 7.00 6.93
10 6.75 6.50 6.60 6.62
11 7.30 7.05 6.50 6.95
12 6.50 6.85 6.65 6.67
14 6.85 6.60 6.95 6.80
15 6.60 7.30 6.55 6.82
16 6.85 7.35 6.70 6.97
17 6.70 6.70 6.30 6.57
18 6.25 6.45 6.50 6.40
20 6.75 6.85 6.60 6.73
21 6.60 6.35 6.05 6.33
22 6.60 6.35 5.90 6.28
23 7.10 7.15 6.80 7.02
24 6.60 6.80 6.05 6.48
Hatlarm Ortalamasi 6.81 6.78 6.51 6.70
Karatay-94 6.50 6.85 6.45 6.60
Tarm-92 7.50 7.05 6.45 7.00
Ince-04 6.80 6.35 6.60 6.58
Tokak 157/32 6.25 7.25 6.75 6.75
Larende 6.75 6.85 6.55 6.72
Standartlarin Ortalamasi 6.76 6.78 6.56 6.73
Genel Ortalama 6.80 6.80 6.52 6.71
AOF(O.os) 0.31
DKo 6.47

Genotiplerin ortalama irilik derecesi deneme
ve hatlarin ortalamasi 4 olup, en yiiksek deger 20 no’lu
hattan elde edilmistir. 2.2 elek alti degerinin diisiik
olup, tanelerin homojen bir yapiya sahip oldugu belir-
lenmistir. Standart cesitler icinde en yiiksek irilik dere-
cesi Karatay-94 ¢esidinde elde edilmistir(Tablo 5).
Sonug¢ olarak bu arastirmada; genotiplerin bin tane
agirlig, protein orani, seliiloz orani, elek iistii degeri ve
hektolitre agirhiginin gevresel faktorlerden etkilendikle-
ri; denemede kullanilan hatlarin birgogunun incelenen
ozellikler yoniiyle standart gesitlerden yiiksek ortala-
maya sahip olduklari tespit edilmistir. Denemede yer
alan genotiplerde bin tane agirlig1 bakimindan 20 no’lu
hat, protein orant 3 no’lu hat, seliiloz oran1 18 no’lu
hat, hektolitre agirligi 21 no’lu hat ve elek ustii degeri

bakimimdan 20 no’lu hattin yiiksek performans goster-
digi ve limit var hat olduklari tespit edilmistir. Dene-
melerde standart olarak kullanilan g¢esitler iginde Tarm-
92 cesidi bin tane agirligi, Ince-04 cesidi protein orani,
Larende ¢esidi hektolitre agirligi ve Karatay-94 cesidi
elek tistli degeri bakimmdan en yiiksek degeri vermis-
lerdir. Islah materyallerinin yemlik amacina uygun
genotiplerin seciminde tane verimi ve protein orani
yiiksek genotiplerin yaninda seliiloz oran1 diisiik geno-
tipler amaglanmaktadir. Cesitlerin kalite 6zelliklerinin
yetistirildikleri lokasyonun iklim ve toprak ozellikle-
rinden etkilendikleri ve genotip se¢imi yapilirken bun-
lara dikkat edilmesi gerekmektedir.
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Tablo 5. Genotiplerin Hektolitre Agirligi, Elek Ustii ve Irilik Derecelerine Ait Ortalama Degerler

Hektolitre Agr. Elek Ustii Irilik
Genotipler (kg/lt) (2.5:(2.8)% Derecesi
onya
2 72.20 73.40 3
3 70.10 58.50 5
4 70.40 60.70 5
6 73.00 71.30 3
8 70.20 56.60 5
9 69.40 34.30 7
10 71.00 49.10 6
11 68.30 36.80 7
12 69.00 36.10 6
14 68.30 46.50 6
15 72.00 53.60 5
16 70.20 10.70 8
17 73.20 61.70 4
18 73.50 68.70 4
20 76.00 92.20 1
21 74.30 89.20 2
22 70.40 81.30 2
23 73.20 81.40 2
24 71.40 86.30 2
Hatlarin Ortalamasi 71.37 60.44 4
Karatay-94 72.10 84.70 2
Tarm-92 71.10 73.30 3
Ince-04 69.40 66.20 4
Tokak 157/32 69.40 64.20 4
Larende 72.30 64.60 4
Standartlarin Ortalamasi 70.86 70.60 3
Genel Ortalama 71.27 62.52 4
AOF 05 2.87 9.12
DKo 4,96 3.12
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Bu ¢alismada farkli tohum oranlarinda (% 100:0 70:30, 60:40, 50:50 ve 40:60)
ekilen macar figi “MF” ile tahil (arpa “A”, bugday “B” ve tritikalenin “T”)
karigimlarinin farkli olum ddonemlerinde (cigeklenme ve siit olum donemi)
kalitelerinin belirlenmesi amaciyla 2013-2014 ve 2014-2015 yillarinda yiirii-
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oranlar1 olusturmustur. Macar figi + tahil karigimlarinin hasat islemi tahillar
baz almarak, ¢igeklenme ve siit olum devresinde, yalin macar figinde ise ¢igek-
lenme ve alt baklalarin olustugu dénemde yapilmistir. Arastirmada ham kiil
orani, ham kiil verimi, Nispi Yem Degeri (NYD), Nispi Yem Kalitesi (NYK)
ile K, P, Ca ve Mg igerikleri belirlenmistir. En yiiksek ham kiil oran1 yalin
macar figinde belirlenmistir. Ham kil verimi 44.91 (yalin bugday) — 65.99
kg/da (% 60MF+40T) kg/da arasinda degismistir. Makro besin elementlerinden
K, P, Ca ve Mg oranlar ise sirastyla % 2.47 — 3.09, 0.366 — 0.419, 0.11 — 1.31
ve 0.09 — 0.27 arasinda degisim gdstermistir.

iki yillik sonuglara gére, ot kalitesi bakimindan en uygun karisimin macar figi
ile B ve T’nin % 70:30 oraninda oldugu kanisina varilmustir.
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This study was conducted to determine some quality characteristics of Hunga-
rian vetch “HV” intercropped with cereals (barley “B”, wheat “W” and triticale
“T”) and with different seed rates (100:0 70:30, 60:40, 50:50 and 40:60%) at
the flowering and milk dough stages during 2013-2014 and 2014-2015
growing seasons. The experiments were arranged in split plot design with four
replications, main plots were cutting time, and sub plots were mixture ratios. .
Hungarian vetch + cereals mixtures were harvested based on cereal that flowe-
ring and milk dough stage. Hungarian vetch was harvested at flowering period
and exact shape formation period of seeds in the bottom pods. In the study,
Crude ash ratio, crude ash yield, Relative Feed Value (RFV), Relative Feed
Quality (RFV) and K, P, Ca and Mg contents were determined. The highest
crude ash ratio was determined alone Hungarian vetch. Crude ash yield was
ranged between 44.91 (sole wheat) — 65.99 kg/da (60HV+40T%). K, P, Ca and
Mg contents were ranged 2.47 — 3.09%, 0.366 — 0.419%, 0.11 — 1.31% and
0.09 — 0.27% respectively.

According to two-year results, the suitable seeding ratios of Hungarian vetch +
triticale and Hungarian vetch + barley 70:30% can be recommended in terms
of hay yield.

* Sorumlu yazar email: erdem.gulumser @bozok.edu.tr


mailto:erdem.gulumser@bozok.edu.tr

15

Gulumser and Acar / Selcuk J Agr Food Sci, (2017) 31 (2), 14-21

1. Giris

Ulkemizde sayisal olarak giiglii bir hayvan varlig
olmasina ragmen (Yaylak ve Algicek, 2003), yeterli ve
kaliteli kaba yem ile beslenememesinden dolayr verim-
leri oldukg¢a diisiiktiir (Algigek ve ark., 2010). Kaba
yem olarak saman hala énemli bir yer isgal etmektedir.
Bu durum zaman zaman saman fiyatlarini olmasi gere-
kenden daha yiiksege ¢ekmekte ve yiiksek maliyetli
fakat diisiik verimli iiretime sebep olmaktadir (Akdeniz
ve ark., 2004). Bu nedenle kaliteli kaba yem kaynakla-
rimizin tarla tarimi igerisindeki paymin arttirilmast
kaginilmazdir.

Macar figi soguga ve kuraga dayanimi iyi olan bir
bitkidir. Verimi ve kalitesi olduk¢a yiiksek olan bitki-
nin otu hayvanlar i¢in olduk¢a besleyicidir. Ancak
bitkinin goévdesinin zayif olmasi nedeniyle yatmasi
biiyiik bir problemdir. Bu yiizden tek yillik tahillar ile
karigim halinde de yetistirilebilmesi oOnerilmektedir
(Twidwell ve ark., 1987). Boylece siiliikleriyle tahillara
sarilarak gelisen bitkinin hasadi kolaylagsmakta, verim
kayiplar1 da azalmaktadir.

Karisik ekimlerde verim ve kalite; kullanilan bitki
tiirlerine, karisim oranlarmma ve hasat zamanlarina bagl
olarak degisebilmektedir (Carr ve ark., 1998). Ciinkii
karisimda baklagillerin rekabet giicii tahillara oranla
daha diigiiktiir. Dolayisiyla baklagil oranlarmimn azal-
masiyla karigimlardaki otun kalitesi diismektedir.

Bu calismada, Yozgat ekolojik kosullarinda farkli
macar figi + tahil karisgimlarinin ¢igekleneme ve siit
olum donemindeki bazi kalite 6zelliklerinin belirlen-
mesi hedeflenmistir.

2. Materyal ve Yontem

Calisma Bozok Universitesi, Ziraat Fakiiltesinin
Yerkdy ilcesindeki Tarimsal Uygulama ve Arastirma
Arazisinde 2013-2014 ve 2014-2015 yetistirme done-
minde iki yil siireyle ylriitiilmiistir. Denemenin bulun-
dugu alana ait toprak ozelliklerini belirlemek amaciyla
0-30 cm derinlikten alinan toprak 6rneklerinin her iki
yilda da; killi tinli biinyeye sahip, pH bakimmdan hafif
alkali (8.20-8.12), orta seviyede kiregli (7.93-7.99) ve
hafif tuzlu (0.018-0.020) oldugu belirlenmistir. Dene-
me topraginin fosfor icerigi orta (8.62-8.21 kg/da),
potasyum icerigi fazla (48.47-45.47 kg/da) ve organik
maddesi ise yetersiz (% 1.91-1.78) olarak belirlenmistir
(Cizelge 1).

Denemenin yiiriitildiigi yere iligkin sicaklik, nem
ve yagis miktarlarina ait veriler Cizelge 2’de verilmis-
tir. Denemenin yiiriitiildiigli lokasyonda uzun yillar
ortalamasi olarak yagis toplami 535.2 mm, 2013-2014
yilinda 509.4 mm ve 2014 -2015 vejetasyon siiresinde
ise 679.9 mm olmugstur. Uzun yillar sicaklik ortalamasi
5.94 °C iken, 2013-2014 ve 2014-2015 vejetasyon
dénemlerinde ise sirastyla 7.08 °C ve 6.61 °C olmustur
(Cizelge 2). Uzun yillar ile 2013-2014 ve 2014-2015

yetistirme donemlerinde ortalama nispi nem sirasiyla
% 70.14 - 62.70 ve 70.02 olarak tespit edilmistir (Ci-
zelge 2).

Calisma Boliinmiis Parseller Deneme Desenine go-
re 4 tekrarlamal1 olarak kurulmus olup, ana parselleri
bi¢im zamani, alt parselleri ise karigim oranlari olus-
turmaktadir. Deneme ekimi mibzerle yapilmistir. Her
parsel 8 m uzunlugunda 5 siradan olusmus, siralar
arasindaki mesafe 20 cm olarak ayarlanmistir. Karigim-
lara giren bitkilerin yalin tohumluk miktari; arpada
(Tarm 92) 22 kg/da, bugdayda (Pehlivan) 18 kg/da,
tritikalede (Karma 2000) 20 kg/da, macar figinde (Al-
tinova 2002) ise 10 kg/da olarak hesaplanmistir. Ekim
ile birlikte her iki yilda da tiim parsellere dekara 8 kg
P,0Os gelecek sekilde DAP giibresi uygulanmistir. Ha-
sat; karisimlarda tahillar baz alinarak ¢i¢eklenme bas-
langici ve siit olum doéneminde, yalin macar figinde ise
ciceklenme ve alt baklalarm olustugu donemde yapil-
migtir.

Hasat edilen érnekler etiivde 60 °C de sabit agirhiga
gelinceye kadar kurutulmustur. Daha sonra bu &rnekler
ogiitiilerek analize hazir hale getirilmistir. Ogiitiilen
orneklerden 2 gr tartilmig ve kiil firminda 550 °C’de 4
saat siireyle yakilarak kalan miktar kiil olarak hesap-
lanmistir (Kacar, 1972). Elde edilen oranlar dekara
kuru ot verimi ile carpilarak dekara ham kiil verimi
belirlenmistir. Macar figi tahil karisimlarinda ortalama
ham kiil orani asagidaki formiil araciligiyla (bitkilerin
agirhiga gore botanik kompozisyon oranlari ile ham kiil
oranlarinin ¢arpilmasiyla) hesaplanmaistir.

% HKO: (% MF x % HKO) + (% T x %
HKO))/100

Ogiitiilen 6rneklerde ADF (Asit deterjan lif), NDF
(Notr deterjan lif), K, Ca, P ve Mg igerikleri Near Inf-
rared Reflectance Spectroscopy ( NIRS ) (Foss 6500)
cihazi ile IC-0904FE paket programi kullanilarak belir-
lenmistir. Macar figi (MF) tahil (T) karisimlarinda
ortalama ADF, NDF ve makro besin elementleri (K, P,
Ca ve Mg) asagidaki formiil araciligiyla (bitkilerin
agirhiga gore botanik kompozisyon oranlari ile ADF,
NDF ve makro besin elementleri oranlarinin ¢arpilma-
styla) hesaplanmistir.

% ADF: ((% MF x % ADF) + (% T x % ADF))/100

% NDF: ((% MF x % NDF) + (% T x % NDF))/100

% K: (% MFx % K) + (% T x % K))/100

% P: ((% MF x % P) + (% T x % P))/100

% Ca: ((% MF x % Ca) + (% T x % Ca))/100

% Mg: ((% MF x % Mg) + (% T x % Mg))/100

Belirlenen ADF ve NDF degerleri kullanilarak
NYD (Nispi Yem Degeri) ve NYK (Nispi Yem Kalite-
si), degerleri asagidaki formiil aracihgiyla belirlenmis-
tir;

SKM (Sindirilebilir Kuru Madde): (88.9-(0.779 * %
ADF)

KMT (Kuru Madde Tiiketimi): (120/NDF)

NYD (Nispi Yem Degeri): (% SKM * % KMT)
11.29

TSB (Toplam Sindirilebilir Besinler): (96.35- (ADF
* 1.15))
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Cizelge 1. Deneme alani topragiin bazi fiziksel ve kimyasal 6zellikleri
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Ozellik 2013-2014 2014-2015

Tahlil Degeri Derecesi Tahlil Degeri Derecesi
% Doygunluk 54.78 Killi Tl 52.12 Killi Tl
Ph 8.20 Hafif Alkali 8.12 Hafif Alkali
% Kireg (CaCOg) 7.93 Orta 7.99 Orta
% Toplam Tuz 0.018 Hafifi Tuzlu 0.020 Hafifi Tuzlu
P,Os (kg/da) 8.62 Orta 8.21 Orta
K,0 (kg/da) 48.47 Yiiksek 45.47 Yiiksek
% Organik Madde 1.91 Az 1.78 Az

* Yozgat Ziraat Odas: Tarafindan Yapilmustir.

Cizelge 2. Yerkoy ilcesinde gergeklesen uzun yillar ve deneme yillarina ait bazi iklim verileri*

Aylar

Uzun yillar ortalamasi

2013-2014 y1l1 degerleri

2014-2015 y1l1 degerleri

Sicaklik Nem Yagis Sicaklik Nem Yagis Sicaklik Nem Yagis
(°C) (%) (mm) (°C) (%) (mm) (°c) (%) (mm)

Ekim 10.3 65.9 36.5 9.0 55.4 221 10.8 69.3 72.6
Kasim 4.6 72,5 56.2 6.5 67.2 36.5 4.2 70.2 61.3
Aralik 0.5 77.3 76.3 -2.9 71.0 25.1 4.1 77.9 53.3
Ocak -1.9 77.5 67.9 1.4 75.5 58.7 -1.0 76.7 54.5
Subat -1.0 75.8 62.3 33 61.9 17.6 0.8 73.3 68.0
Mart 2.9 71.0 65.2 5.6 63.5 116.7 4.4 69.5 115.3
Nisan 8.3 66.6 62.3 11.0 53.4 316 6.1 61.9 28.0
Mayis 13.0 64.2 65.0 13.3 60.4 121.3 14.1 59.9 131.6
Haziran 16.8 60.5 435 16.6 56.0 79.8 16.0 715 95.3
Ortalama 5.94 70.14 7.08 62.70 6.61 70.02
Toplam 535.2 509.4 679.9

*Yozgat Meteoroloji Mudiirligii

Cizelge 3. Baklagil, bugdaygil ve baklagil-bugdaygil karisimi kalite standartlari

Kalite standartlart Kuru Maddede Kuru Maddede Kuru Maddede Nispi Yem Degeri

% Protein % ADF % NDF (NYD)

Baglangic >19 <31 <40 >151

1 17-19 31-40 40-46 151-125

2 14-16 36-40 47-53 124-103

3 11-13 41-42 54-60 102-87

4 8-10 43-45 61-65 86-75

5 <8 >45 >65 <75

(Rohweder ve ark., 1978

Cizelge 4. Yem bitkilerinde nispi yem kalite standartlar1

Kalite Standartlar1

Nispi Yem Kalitesi

Cok iyi
lyi
Orta
Koti

>140
110-139
90-109
<75

(Marten, 1988)
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NYK (Nispi Yem Kalitesi): (% KMT * %
TSB)/1.23 (Rohweder ve ark., 1978)

Rohwerder ve ark., (1978) ve Marten (1988)’e gore
NYD ve NYK kalite standartlar1 sinir degerleri Cizelge
3 ve Cizelge 4°de verilmistir. Calisma kapsaminda
hesaplanan NYD ve NYK degerleri bu standartlara
gore degerlendirilmistir.

Elde edilen sonuglar MSTAT-C istatistik paket
programi kullanilarak Boliinmiis Parseller Deneme
Desenine gore analiz edilmistir. Islemler arasindaki
farkliliklar Duncan ¢oklu karsilagtirma testi ile ortaya
konulmustur.

3. Arastirma Sonuglar ve Tartisma

Macar figinin arpa, bugday ve tritikale ile farkli ka-
risim oranlarinda ekildigi islemlerin ve farkli gelisim
donemlerine ait kam kiil oranlar1 ve ham kiil verimler
Cizelge 5’te verilmistir.

Birlestirilmis yillara gore yapilan degerlendirmeler-
de ham kiil oran1 bakimindan yillar, bicim zamani ve
karisim oranlar1 arasindaki fark ¢ok Snemli (p<0.01),
big¢im zaman x karsim orani interaksiyonu ise dnemsiz
bulunmustur (Cizelge 5). Bi¢im zamanlarmin ortala-
masinda en diisitk ham kil oran1 % 6.61 ile yalin tritia-
kele, en yiiksek ise % 11.91 ile yalin macar figinden
elde edilmistir (Cizelge 5).

Calismada macar figi ile bugday karigimlarinin ham
kiil oranlar1 daha yiiksek olmustur (Cizelge 5). Bu
durum hem bugdayin diger tahillara oranla daha yiik-
sek ham kiil oranina sahip olmasi, hem de bugday ile
karisimlarda macar figi oraninin yiiksek olmasindan
kaynaklanmaktadir (Cizelge 5).

Bi¢gim zamanmin ilerlemesi ile birlikte bitkilerde
olgunlagmaya bagli olarak seliiloz birikimi arttigindan
govde kabalagsmaktadir. Dolayisiyla bitkilerde yap-
rak/gévde orani ile birlikte mineral madde oranlari
azalmaktadir (Kara, 2013). Bu nedenle, ikinci bigim
zamaninda belirlenen ham kiil oranlar1 birinci bigime
gore daha diigiik bulunmustur (Cizelge 5). Aksoy ve
Nursoy (2010) macar figi + bugday karigimmnin ham
kil oraninin % 9.80 — 10.90 arasinda degistigini bil-
dirmistir.

Cizelge 5’de goriildiigii lizere ham kiil verimleri
lizerine bigim zamanlari, karisim oranlari, bi¢im zama-
n1 x karigim orani interaksiyonu ve yillarin etkisi ¢ok
¢ok onemli (p<0.01) olmustur. Buna gore, ham kiil
verimi bi¢im zamanlari ortalamasinda 44.91 (% 100B)
—65.99 kg/da (% 60MF+40T) arasinda degismistir.

Denemede yer alan tahil tiirleri karsilagtirildiginda;
ilk bi¢im zamaninda arpanin yer aldigi karigimlarin,
ikinci bigim zamaninda ise tritikalenin yer aldig1 kari-
simlarin ham kiil veriminin 6ne ¢iktig1 goriilmektedir.
Bu durum tahil tiirlerinin fizyolojik 6zelliklerinin farkl
olmasindan kaynaklanmaktadir. Arpanin digerlerine
gore erkenci olmasi ve ¢igeklenme donemine kadar
vejetatif gelismesini biiylik oranda tamamlamasi, ilk
bi¢imde arpanin yer aldigi karisimlardan daha yiiksek
kuru ot verimi ve dolayisiyla da daha ytiksek ham kiil

verimi alinmasini saglamistir. Tritikalenin ise daha geg
olgunlagsmasi ve c¢iceklenme doneminden sonra da
vejetatif bilylimeye devam etmesi (Mut ve ark, 2006),
ikinci big¢imlerde tritikale karigimlarinimn verimlerini
¢ok Onemli diizeyde artirmistir. Calismanin ikinci bi-
¢im zamani ham kiil verimi birinci bigim zamanina
gore daha yiiksek olmustur (Cizelge 5). Bu durum
ikinci bigim zamaninda kuru madde orani ile birlikte
kuru ot veriminin artmasindan kaynaklanmistir. Ayrica,
ikinci yilda islemlerde belirlenen ham kiil verimi daha
yiiksek olmustur. Bu durum ikinci yi1lda ham kiil orani-
nin ve ikinci yilin yagisin olmast nedeniyle kuru ot
veriminin daha yiiksek olmasindan kaynaklanmustir.
Egritas ve Asct (2015) fig + tahil karisgimlarinda ham
kiil veriminin 21.4 ve 64.9 kg/da arasinda degistigini
bildirmistir.

Birlestirilmis yillarda ve bigim zamanlart ortalama-
sinda en yiiksek NYD ve NYK yalin macar figinden
(swrastyla 132.73 — 129.69), en diisiik ise yalin bugday-
dan (sirasiyla 87.02 — 83.10) elde edilmistir. (Cizelge
6).

Botanik kompozisyonda macar figinin en yiiksek
orant bugday ile karnigimlarinda belirlenmistir.
Dolayisiyla s6z konusu karigimlarda diger tahillara
oranla daha yiiksek NYD ve NYK belirlenmistir
(Cizelge 6). Bicim zamanmin gecikmesi ile birlikte
bitkilerde liglinlesme ve odunlasma oranmna bagl
olarak ADF ve NDF orani artmaktadir. Bu yiizden
birinci bigim zamaninda belirlenen NYD ve NYK
degerleri ikinci bi¢cim zamanmma oranla daha yiiksek
olmustur (Cizelge 6).

Calismada belirlenen NYD degerlerinden yalin ma-
car figi ve macar figi + bugday karigimlar1 ile %
70MF+30T islemi 3. sinif, diger islemler ise 4. smifta
(Cizelge 3), NYK degerleri bakimindan ise yalin tahil-
larin kotii, karisimlarm orta, yalin macar figinin ise iyi
sinifta yer aldigi goriilmistiir (Cizelge 4).

Farkli arastiricilar tarafindan macar figi + tahil
karigimlar iizerinde yapilan ¢alismalarda NYD degeri
120.72 — 162.08 (Lithourgidis ve ark., 2006), 89.6 —
100.4 (Yicel ve ark., 2013), 92.5 — 177.6 (Sayar ve
ark., 2014), 88.1 — 96.4 (Cacan ve ark., 2015), 66.5 —
89.3 (Kaplan ve ark., 2015), 122.4 — 149.9 (Temel ve
ark., 2015), 106.3 — 205.6 (Ullah ve ark., 2015) ve
99.0 — 129.0 (Yimaz ve ark., 2015) arasmnda
degismistir.

Cizelge 7 ve 8’de goriildiigli lizere, yillarin etkisi
sadece Mg {izerine istatistiki olarak onemli olurken,
Potasyum (K) ve Kalsiyum (Ca) birinci yilda, Fosfor
(P) ve Magnezyum (Mg) ise ikinci yilda daha yiiksek
olmustur. Buna gore, islemlerde belirlenen en yiiksek
K orani yalin macar figi ve MF+A karisimlarinda, en
diisiik ise yalin tritikalede (% 2.27) belirlenmistir.

Konu ile ilgili farkl arastiricilar tarafindan yiirtitii-
len ¢aligmalarda potasyum (K) orant % 1.63 — 1.73
(Karaca ve Cimrin, 2002) ve % 2.63 — 2.81 (Cimrin ve
ark., 2001) arasinda degismistir.
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Cizelge 5. Macar figi+tahil karisimlarinda belirlenen ham kiil orani (%) ve ham kiil verimi (kg/da) degerleri

Ham kiil oranr** Ham kiil verimi**
Islemler 1. bi¢im 2. bigim Ort. 1. bi¢im 2. bi¢im Ort.
% 100 MF 13.17 10.65 11.91a 53.57 f-j 50.00 1-K 51.79d
% 100 ARPA 8.08 6.55 7.32¢ 63.83 bcd 45.48 jkI 54.66 cd
% 70MF + % 30A 9.21 7.32 8.27d 70.31 ab 48.04 ijk 59.18 abc
% 60MF + % 40A 9.22 7.89 8.56 d 67.64 abc 54.41 e-i 61.03 ab
% 50MF + % 50A 8.69 8.12 8.41d 62.77 b-e 58.67 dgh 60.72 ab
% 40MF + % 60A 8.70 7.72 8.21d 62.19 b-e 51.26 g-k 56.73 bed
% 100 B 9.60 7.91 8.76d 43.34 ki 46.47 i-l 4491e
% 70MF + % 30B 11.27 9.57 10.42b 54.32 e-i 61.43 c-f 57.88 abc
% 60MF + % 40B 10.29 9.23 9.76 c 52.35 g-i 59.23 d-g 55.79 bed
% 50MF + % 50B 10.20 8.92 9.56 ¢ 48.15 ijk 58.53 dgh 53.34 cd
% 40MF + % 60B 10.42 9.29 9.86 ¢ 46.32 il 63.22 bed 54.77 bed
% 100 T 7.47 5.75 6.61f 39.69 | 50.44 h-k 45.07 e
% 70MF + % 30T 8.94 7.49 8.22d 49.54 ijk 75.47 a 62.51a
% 60MF + % 40T 9.64 7.55 8.60d 58.17 d-1 73.80a 65.99 a
% 50MF + % 50T 9.58 7.63 8.61d 48.77 ijk 62.13 b-e 55.45 bed
% 40MF + % 60T 9.82 7.49 8.66 d 51.75 g-k 69.58 abc 60.67 a
Bi¢cim Zam. Ort.** 9.64 A 8.07B 5454 B 58.01 A
1. yil 8.56 B 44.25 B
Yillar®* ——= 9.16 A 69.00 A

(*) 0.05 diizeyinde, (**) 0.01 diizeyinde dnemli
Aym siitun icerisinde ortak harf tagtyan ortalamalar Duncan testine gore p<0.05 hata sinirlar1 igerisinde istatistiksel olarak farksizdir.

Cizelge. Macar figit+tahil karisimlarida belirlenen NYD ve NYK degerleri

Islemler NYD NYK
1. bigim 2. bigim Ort. 1. bi¢im 2. bigim Ort.
% 100 MF 140.52 124.93 132.73 139.28 120.10 129.69
% 100 ARPA 97.73 86.83 92.28 93.73 82.25 87.99
% 70MF + % 30A 104.53 92.67 98.60 102.28 88.60 95.44
% 60MF + % 40A 103.73 91.65 97.69 100.75 87.59 94.17
% 50MF + % 50A 108.57 96.26 102.42 106.26 92.45 99.36
% 40MF + % 60A 105.96 96.90 101.43 104.21 93.45 98.83
% 100 B 92.82 81.21 87.02 89.53 76.67 83.10
% 70MF + % 30B 111.04 104.58 107.81 108.95 99.94 104.45
% 60MF + % 40B 117.07 106.52 111.80 114.89 101.81 108.35
% 50MF + % 50B 118.33 104.18 111.26 115.98 99.33 107.66
% 40MF + % 60B 111.43 103.06 107.25 108.99 98.29 103.64
%100 T 93.09 87.04 90.07 90.51 83.14 86.83
% 70MF + % 30T 114.17 97.18 105.68 110.96 90.81 100.89
% 60MF + % 40T 105.53 95.04 100.29 102.40 88.68 95.54
% 50MF + % 50T 106.51 93.37 99.94 103.08 86.54 94.81
% 40MF + % 60T 105.43 91.52 98.48 102.24 85.36 93.80
Bi¢im Zamani Ort. 108.52 97.05 105.87 92.19
1.yl 102.73 99.42

yill
AT 102.91 98.69
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. K** p**
Islemler — — — —
1. bi¢cim 2. bigim Ort. 1. bi¢cim 2. bigim Ort.
% 100 MF 3.01a-d 3.17a 3.09a 0.425 a-d 0.343i 0.384 c-f
% 100 ARPA 2.97 a-d 2.84 de 2.91 be 0.416 c-e 0.395 e-1 0.406 ab
% 70MF + % 30A 3.18a 2.99 a-d 3.09a 0.442 a 0.395 e-1 0.419a
% 60MF + % 40A 3.15ab 2.99 a-d 3.07a 0.440 ab 0.384 1 0.412 ab
% 50MF + % 50A 2.99 a-d 3.01 a-d 3.00ab 0.419 a-d 0.3781 0.399 bc
% 40MF + % 60A 2.98 a-d 3.14ab 3.06a 0.425 a-d 0.392 f-1 0.409 ab
% 100 B 2.99 a-d 2.151 257e 0.411d-f 0.344 i 0.378 d-g
% 70MF + % 30B 3.16 ab 2.78 d-f 297D 0.404 d-h 0.349i 0.377 e-g
% 60MF + % 40B 3.02 a-d 2.78 d-f 2.90 be 0.395 e 0.3541i 0.375e-g
% 50MF + % 50B 3.08 a-c 2.74 ef 2.91bc 0.407 d-g 0.3371i 0.372f-g
% 40MF + % 60B 2.92 b-e 2.62fg 2.77cd 0.388 g1 0.3441i 0.366 g
% 100 T 2.60 fg 1.93i 2927f 0.418 b-e 0.346i 0.382 d-f
% 70MF + % 30T 2.97 a-d 2.34 1 2.66 de 0.435a-c 0.345i 0.390 cd
% 60MF + % 40T 2.87 c-e 2.30 1 2.59¢e 0.427 a-d 0.3341i 0.381 d-f
% 50MF + % 50T 2.98 a-d 2.50 gh 2.74d 0.425 a-d 0.3481i 0.387 d-f
% 40MF + % 60T 2.95a-e 2.36 h1 2.66 de 0.422 a-d 0.3531i 0.388 c-e
Bi¢im Zamani Ort.** 299 A 2.67B 0.419 A 0.355B
1.yl 2.79 0.391
Yillar ——=00 2.86 0.387
(*) 0.05 diizeyinde, (**) 0.01 diizeyinde dnemli
Ayni siitun igerisinde ortak harf tastyan ortalamalar Duncan testine gore p<0.05 hata sinirlar1 igerisinde istatistiksel olarak farksizdir.
Cizelge 8. Macar figi+tahil karisimlarinda belirlenen Ca ve Mg icerikleri (%)
Islemler ca™ Mg**
1. bigim 2. bigim Ort. 1. bi¢im 2. bigim Ort.
% 100 MF 1.35 1.26 13la 0.29a 0.25b 0.27a
% 100 ARPA 0.09 0.12 0.111 0.07m 0.11 il 0.09 |
% 70MF + % 30A 0.50 0.32 0.41f 0.13 1+ 0.14 h-i 0.14 fg
% 60MF + % 40A 0.43 0.32 0.38 fg 0.12i-k 0.14 h-i 0.13gh
% 50MF + % 50A 0.40 0.29 0.35fg 0.13 1+ 0.12i-k 0.13 gh
% 40MF + % 60A 0.33 0.20 0.274g 0.12 i-k 0.11 il 0.12 hi
% 100 B 0.25 0.17 0.21h 0.09Im 0.09 Im 0.091
% 70MF + % 30B 0.85 0.79 0.82b 0.19 c-d 0.18 d-f 0.19 bc
% 60MF + % 40B 0.92 0.80 0.86b 0.21c 0.18 c-e 0.20b
% 50MF + % 50B 0.82 0.61 0.72¢c 0.19 cd 0.15 g-i 0.17 cd
% 40MF + % 60B 0.75 0.69 0.72c 0.18 d-g 0.17 d-h 0.18 cd
%100 T 0.27 0.14 0.21h 0.11 -l 0.10 ki 0.111
% 70MF + % 30T 0.75 0.50 0.63d 0.18 d-f 0.15 h-i 0.17 cd
% 60MF + % 40T 0.70 0.45 0.58 de 0.18 d-g 0.13 1+ 0.16 de
% 50MF + % 50T 0.62 0.45 0.54e 0.16 e-h 0.13 17 0.15 ef
% 40MF + % 60T 0.63 0.48 0.56 e 0.16 f-1 0.15 h-i 0.16 de
Bi¢im Zamani Ort.** 0.60 A 0.48B 0.16 A 0.14B
1.yl 0.54 0.16 A
Yillart® ——— 0.55 0.14B

(*) 0.05 diizeyinde, (**) 0.01 diizeyinde onemli
Ayn siitun igerisinde ortak harftagiyan ortalamalar Duncan testine gore p<0.05 hata sinirlart icerisinde istatistiksel olarak farksizdir.
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Cizelge 7’ye gore, karisim oranlar1 bakimindan en
yiiksek fosfor (P) orani istatistiki olarak ayni grupta yer
alan yalm arpa (% 0.406), % 40MF+60A (% 0.409),
% 60MF+40A (% 0.412) ve % 70MF+30A (% 0.419),
en diisiik ise % 0.366 ile % 40MF+60B parsellerinden
elde edilmistir.

Birinci bigim zamaninda belirlenen P orani, ikinci
bi¢im zamanina gore daha yiliksek olmustur (Cizelge
7). 1k bigim zamaninda P oranmin genelde daha yiik-
sek olmasi, bitkilerin fosforu erken devrede almalarin-
dan (Kacar ve Katkat, 1997) ve ilerleyen gelisim devre-
lerinde seliiloz birikiminin artmasindan kaynaklanmak-
tadir.

Hayvanlarin P ihtiyaglarmin karsilanmasi igin
yemlerde P oraninin % 0.21 olmasi istenir (Kidambi ve
ark., 1989). Calismada tiim islemlerde belirlenen P
oranlar1 istenen diizeyin {izerinde olmustur.

Cizelge 8 goriildiigii tizere gore, en diigiikk Kalsiyum
(Ca) orani yalin arpa (% 0.11), en yiiksek ise yalin
macar figinden (% 1.31) elde edilmistir.

Karisim oranlari bakimmdan en yiiksek Ca orani
macar figi + bugday parsellerinden elde edilmistir
(Cizelge 8). Bu durum, bugdayin zayif gelismesi nede-
niyle botanik kompozisyonda macar figi oranmmn yiik-
sek olmasindan kaynaklanmigtir. Caligmada yalin tahil-
lar disinda kalan tiim islemlerde belirlenen Ca oranlar1
kaba yemlerde bulunmasi gereken degerin (% 0.3)
(Kidambi ve ark., 1989) iizerinde olmustur. Farkli
arastiricilar tarafindan yapilan macar figi + tahil kari-
simlarindaki Ca orani % 1.09 - % 1.17 (Cimrin ve ark.,
2001) ve % 0.85 — 0.96 (Karaca ve Cimrin, 2002) ara-
sinda degismistir.

Islemlerde belirlenen en diisiik Magnezyum (Mg)
orani yalin arpa ve yalin bugday (% 0.09), en yiiksek
ise yalin macar figinden (% 0.27) elde edilmistir (Ci-
zelge 8). Belirlenen Mg oranlar1 Kacar, 1984’ m bildir-
digi degerler (% 0.02 - 2.5) arasindadir.

Tahillarda olgunlasmasinin ilerlemesi ile yap-
rak/sap orani azalirken, mineral madde igerikleri ve
sindirilme orani da diismektedir (Orak ve ark., 2004;
Tas, 2011). Bu nedenle, ¢alismada ikinci bi¢im zama-
ninda belirlenen K, P, Ca ve Mg oranlari birinci bigime
gore daha diisiik bulunmustur (Cizelge 7 ve 8).

4. Sonug¢

Macar figinin arpa, bugday ve tritikale ile farkl: ka-
risim oranlarinin 2 farkli donemde hasat edildigi bu
calismada, en yiiksek ham kiil oran1 yalin macar figin-
de, en diisiik ise yalin tritikalede belirlenmistir. Kari-
simlarda en yliksek ham kiil orani ise macar figi +
bugday iglemlerinden elde edilmistir.

En yiiksek ham kiil verimi iki yilin ortalama deger-
lerine gbre macar figinin arpa ile % 70:30, 60:40 ve
50:50, bugday ile % 70:30 ve tritikale ile % 70:30,
60:40 ve 40:60 karisimlarindan elde edilmistir.

Caligmada belirlenen NYD degerlerinden macar fi-
ginin bugday ile tiim, tritikale ile % 70:30 oranmdaki
karigimlariin yalin macar figi ile ayni smaifta yer aldi-

g1, NYK degerleri bakimindan ise yalin tahillarmn koti,
karigimlarin orta, yalin macar figinin ise iyi sinifta yer
aldig1 belirlenmistir.

Makro besin elementlerinin hemen hemen biitiin is-
lemlerde hayvanlarm ihtiyacinin kargilanmasi igin
gerekli olan sinirlar igerisinde oldugu belirlenmistir.

Iki y1l siireyle yiiriitiilen ¢alisma sonucunda ot kali-
tesi bakimmdan uygun karisimin macar figinin bugday
ve tritikale ile % 70:30 oldugu kanisma varilmistir.

5. Tesekkiir

Bu calismay: destekleyen Ondokuz Mayis Universitesi
Proje Yonetim Ofisi'ne tesekkiir ederiz (No: BAP
PYO.ZRT.1904.14.002). Ayrica bu ¢alisma Dr. Erdem
Giiliimser'in doktora tezinin bir bélimiinii igermekte-
dir.

6. Kaynaklar

Akdeniz H, Yilmaz I, Andi¢c N ve Zorer S (2004). Bazi
Mistr Cesitlerinde Verim ve Yem Degerleri Uzerine

Bir Arastirma. Yiiziincii Yil Universitesi. Zir. Fak.
Tarim Bilimleri Dergisi, 14 (1): 47-51.

Aksoy I, Nursoy H (2010). Vejetasyonun Farkli Do-
nemlerinde Bigilen Macar Figi Bugday Karigimimnin
Besin Madde Komposizyonu, Rumende Yikilim
Ozellikleri in vitro Sindirilebilirlik ve Rélatif Yem
Degerinin Belirlenmesi. Kafkas Universitesi, Vete-
rinerlik Fakiiltesi Dergisi, 16 (6): 925-931.

Algicek A, Kilig A, Ayhan V, Ozdogan M (2010).
Tiirkiye’de kaba yem iiretimi ve sorunlari. Tiirkiye
Ziraat Miihendisligi VII. Teknik Kongresi, 11-15
Ocak, Ankara, Cilt I1, s. 1071-1080.

Carr MP, Martin GB, Caton JS, Poland WW (1998).
Forage and nitrojen yield of barley—pea and oat—pea
intercrops. Agran. J. 90: 79-84.

Cacan E, Aydun I, Bagbag M (2015). Bingdl Universi-
tesi Yerleskesinde Yer Alan Bazi Baklagil Yem
Bitkilerine Ait Kalite Ozelliklerinin Belirlenmesi.
Tiirk Tarim ve Doga Bilimleri Dergisi 2(1): 105—
111.

Cimrin KM, Karaca S, Bozkurt MA (2001). Fig+Arpa
Karist mlar1 nda Giibrelemenin Otun Verim ve
Kimyasal Kompozisyonuna Etkisi. Tarim Bilimleri
Dergisi, 7 (4): 32-36

Egritas O, Asc1 OO (2015). Yaygin fig - tahil karisim-
larinin bazi mineral madde igeriginin belirlenmesi.
Akademik Ziraat Dergisi, 4(1):13-18.

Kacar B (1972). Bitki ve Topragin Kimyasal Analizle-
ri, Il Bitki Analizleri, A:U: Zir. Fak. Yaymnlari,
453.

Kacar B (1984). Bitki Besleme. (Il. Baski ) Ankara
Univ. Ziraat Fak. Yaym No: 899, Ders Kitabi No:
250, Ankara.



21

Gulumser and Acar / Selcuk J Agr Food Sci, (2017) 31 (2), 14-21

Kacar B, Katkat AV (1997). Tarimda Fosfor. Bursa
Ticaret Borsas1 Yaynlari, No:5

Kaplan M, Yilmaz MF, Kara, R (2015). Variation in
Hay Yield and Quality of New Triticale Lines. Jo-
urnal of Agricultural Sciences, 21: 50-60

Kara 1 (2013). Farkli donemlerde hasat edilen adi fig,
macar figi ve yem bezelyesinde ot verimi ve kalite-
sinin degisimi. Yiiksek Lisans Tezi, Atatiirk Uni-
versitesi Fen Bilimleri Enstiitiisti, Erzurum.

Karaca S, Cimrin KM (2002). Adi Fig (Vicia sativa
L.)+Arpa (Hordeum vulgare L.) Karigimmda Azot
ve Fosforlu Giibrelemenin Verim ve Kaliteye Etki-
leri, Yiiziincii Y1l Universitesi, Ziraat Fakiiltesi, Ta-
rim Bilimleri Dergisi, Cilt. 12(1): 47-52.

Kidambi SP, Matches AG and Gricgs TC (1989). Vari-
ability for Ca, Mg, K, Cu, Zn, and K/(Ca +Mg) ra-
tio among 3 wheat grasses and sainfoin on the sout-
hern high plains. Journal of Range Management,
42: 316-322.

Lithourgidis AS, Vasilakoglou 1B, Dhima KV, Dordas
CA, Yiakoulaki MD (2006). Forage yield and qua-
lity of common vetch mixtures with oat and tritikale
in two seeding ratios. Field Crops Research, 99:
106-113.

Marten GC, Buxton, DR, Barnes RF (1988). Feeding
value (forage quality). p. 463-492. In Hanson et al.
(eds.) Alfalfa and alfalfa improvement. Agronomy
monograph no. 29. ASA-CSSA-SSSA, Madison,
Wisconsin, USA, p: 463-492.

Mut Z, Ayan |, Mut H, (2006). Evaluation of forage
yield and quality at two phenological stages of triti-
cale genotypes and other cereals grown under rain-
fed conditions. Bangladesh J. Bot, 35(1): 45-53.

Orak A, Ates E, Varol F (2004). Macar Figi (Vicia
pannonica Crantz.)'nin farkli gelisme dénemlerin-
deki bazi morfolojik ve tarimsal 6zellikleri ile besin
icerigi iligkileri. Tarim Bilimleri dergisi, 10 (4):
410-415.

Rohweder DA, Barnes R. Jorgense N (1978). Proposed
hay grading standart based on laboratory analyses
for evaluating quality. Journal of Animal Science.
47: 747-7509.

Sayar MS, Han Y, Yolcu H, Yiicel H (2014). Yield and
Quality Traits of some Perennial Forages as both
Sole Crops and Intercropping mixtures under Irriga-
ted Conditions. Turkish Journal of Field Crops,
19(1): 59-65.

Temel A, Keskin B, Yildiz V (2015). Igdir Ovas1 Ta-
ban Kosullarinda Adi Fig (Vicia sativa L.) Cesitle-
rinin Kuru Ot Verimi ve Kalite Ozelliklerinin ince-
lenmesi. Igdir Univ. J. Inst. Sci. & Tech. 5(3): 67-
76.

Tas N (2011). Kuru Sartlarda Yazlik ve Giizliik Ekilen
Fig+Bugday Karisimlarinda En Uygun Karisim
Sekli, Karistm Orani ve Bigim Zamanmnin Ot

Verimi ve Verim Unsurlar1 Uzerine Etkisi. Anadolu
J. of AARI 21 (1): 1 -15.

Twidwell AK, Johnson KD, Cherney JH and Ohm HW
(1987). Forage yield and quality of soft red winter
wheats and a winter triticale. Applied Agric. Res. 2
(2):84-88

Ullah Z, Malik MA, Ansar M, ljaz SS, Rasheed M
(2105). Winter Forage Quality of Oats (Avena Sa-
tiva L), Barley (Hordeum Vulgare L.) and Vetceh
(Vicia Sativa L.) in Pure Stand and Cereal legume
Mixture. Pakistan J. Agric. Res. Vol. 28 (1): 1-10.

Yaylak E, Algicek A (2003). Sigir besiciliginde ucuz
bir kaba yem kaynagi: Misir Silaji. Hayvansal Ure-
tim Dergisi 44 (2), 29-36.

Yilmaz S, Ozel, A, Atak M, Erayman M (2015). Ef-
fects of seeding rates competition indices of barley
and vetch intercropping systems in the Eastern
Mediterranean. Turk J Agric For, 39: 135-143.

Yiicel C, Avclr M, Kiligalp N, Giiltekin R (2013). Cu-
kurova sartlarinda bazi adi fig (Vicia sativa L.) hat-
larinin ot verimi ve ot kalitesi bakimmdan deger-

lendirilmesi. Anadolu Tarim Bilim Dergisi, 28 (3):
134-140.



ISSN: 2458-8377

22

Selcuk J Agr Food Sci, (2017) 31 (2), 22-26

DOI: 10.15316/SJAFS.2017.15

Selcuk Journal of Agriculture and Food Sciences
Sel¢uk Tarim ve Gida Bilimleri Dergisi

Sicaklik, Popiilasyon Yogunlugu ve Cinsiyet Oramnin Callosobruchus maculatus
(F.) (Coleoptera: Bruchidae)’un gelismesi ve ¢cogalmasina etkileri

Fatma Nur ELMA"", Hiiseyin CETIN *

'Selguk Universitesi, Ziraat Fakiiltesi, Bitki KorumaBoliimi, Konya

MAKALE BiLGisSi

OZET

Makale Gegmisi:

Gelis tarihi: 14.03.2017
Kabul tarihi: 07.04.2017

Anahtar Kelimeler:

Callosobruchus maculatus
Sicaklik

Popiilasyon Yogunlugu
Cinsiyet Oran1

Gelisme

Callosobruchus maculatus (F.) yaygin olarak goriilen ve baklagillerde beslen-
mesi sonucu ekonomik kayiplara yol agan onemli bir depo zararlisidir. Bu
calismada farkli sicakliklarin C. maculatus’un gelisme siiresine, cinsiyet ve
oliim orammna etkisi aragtirilmigtir. Denemelerde t¢ farkli sicaklik (25, 30
ve35°C) test edilmis ve bu galigmalar %5545 nispi nem ve karanlik ortamda
yuriitilmistir. C. maculatus’un ergin ¢ikist %74 oranla en yiiksek 30°C’ de
gergeklesmistir. Bocegin geligsme siiresi 21.5 giin olarak en kisa 30°C sicaklikta
saptanmustir. Ayrica bu caligmada, farkli ergin popiilasyon yogunlugu
(2,4,6,8,10,12,14,16,18,20,22 ve24 ergin/petri; cinsiyet orani 1/1 disi/erkek) ve
cinsiyet oramnin (4/1,4/2,4/3,4/4,4/5,4/6,4/7 ve 4/8 disi/erkek/petri) disinin
biraktig1 yumurta sayisina etkisi (30 °C sicaklik, %55+5 nispi nem ve karanlik
ortamda) arastirilmigtir. Calisma sonucunda, diginin biraktigr yumurta sayisinin
popiilasyon yogunlugu 16 ergin/petri (8 disi/8 erkek) oldugunda en fazla oldu-
gu (73 yumurta/disi) tespit edilmistir. Cinsiyet orani 4/1 disi/erkek/petri oldu-
gunda bir diginin biraktig1 yumurta sayisi1 42 adet 4/4 disi/erkek/petri oldugun-
da ise bir disinin biraktig1 yumurta sayis1 70 adet olmustur.

Effect of Temperature, Population Density and Sexual Index on the Development and Re-
production of Callosobruchus maculatus (F.)(Coleoptera: Bruchidae)
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Callosobruchus maculatus (F.), a ubiquitously distributed pest, is of great
economic significance owing to its capacity of feeding on various legumes. In
this study, effects of temperature, population density and sexual index to C.
maculatus were investigated. The temperature experiments were carried out at
three different temperatures (25, 30 and 35°C), 55+5% relative humidity and
dark conditions. Adult emergence of C. maculatus was maximum at 30°C
(74%). The developmental time from egg hatching to adult emergence of C.
maculatus was the shortest at 30°C and was found as 21.5 days. Moreover,
effects of population density and sexual index on the number of egg laid per-
femalewere investigated in the study. When the population density was 16
adults/petri dishes (8 females/8 males), the number of laid per female was the
highest (73 eggs). Sexual index was maximum at 1/1 (female/male) ratio as 70

eggs.

1. Giris

Mercimek, nohut, fasulye, bezelye, bakla ve boriilceyi

Yag orani diisiik, karbonhidrat orani yiiksek ve besleyici-

icine alan baklagiller, insanlar i¢in Gnemli bir protein 1996)

kaynagidir.

*Sorumlu yazar e-mail: fdundar@selcuk.edu.tr

dir. Insanlarin protein ihtiyacinin %701 bitkisel kokenli
olup, %18,5’i baklagillerce karsilanmaktadir (Tamer,
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Geligmekte olan iilkelerde baklagillerden karsilanan
protein oram ¢ok daha yiiksek olmaktadir. Ulkemizde
de insan beslenmesinde tahillardan sonra en 6nemli
yeri baklagiller tutmaktadir (Giilimser, 2016). Bakla-
gillerin bu yiiksek besleyici ozelliklerinin yani sira
toprak verimliligini diizenlemesi nedeniyle o6zellikle
kurak alanlarda sik¢a ekimi yapilmaktadir.

Tiirkiye diinya nohut iiretiminde iiglincii, mercimek
tretiminde dordinci, yesil fasulyede f{iglincii, kuru
fasulye tretiminde ise yirminci sirada gelmektedir
(Fao, 2017). Ulkemizde 2014 yil1 itibariyle baklagiller
icerisinde 3 595 289 dekar alanda 455 000 ton iiretim
ile en fazla nohut iiretimi, bu tiriini 2 522 360 dekar
alanda 365 000 ton iiretimle mercimek, 898 197 dekar
alanda 235 000 ton tretimle kuru fasulye takip etmek-
tedir. Ulkemizde kisi basmna yillik ortalama 3-4 kg
fasulye, 4-5 kg mercimek ve 5-6 kg nohut tiketildigi
dikkate alindiginda, yemeklik tane baklagillerin iilke-
miz insanlarinin beslemesi agisindan 6nemi biytiktiir
(Tiik, 2017).

Yemeklik baklagiller taze olarak tiiketildigi gibi ¢e-
sitli tiplerdeki ambar ve depolarda saklanarak kuru gida
olarak ta tiiketilmektedir. Depolama siiresince bu iiriin-
lerde ozellikle bocekler zararlanmalara sebep olup
kalite kantite kaybina sebep olmakta ve sonugta ihra-
catta diistik fiyata alici bulabildiginden iireticiler Gnem-
li kayiplar yasamaktadir. Baklagil tohum boceklerin-
den biri olan bériilce tohum bocegi Callosobruchus
maculatus F. (Coleoptera: Chrysomelidae: Bruchinae)
tropik ve subtropik bolgelerde boriilce, (Vigna ungui-
culata L. (Walp.), nohut (Cicer arietinum L.), merci-
mek (Lens culinaris Medik.) soya fasiilyesi (Glycine
max Mer.) ve kuru fasiilye (Phaseolus vulgaris)’nin en
o6nemli zararhilarindandir (Mahfuz ve Khalequzzaman,
2007; Ofuya ve ark., 2010,). C. maculatus hasattan
once taneye bulasmakta ve depoda ayda bir nesil vere-
rek ¢ok hizli bir sekilde gogalmaktadir. Zararl ile bula-
siklik orani 3-4 ay i¢inde %50°nin {izerine ¢ikmaktadir
(Baidoo ve ark., 2010). Depolama siiresi 6 ay kadar
devam ettigi taktirde bulasma oran1 %100 lere ulasa-
bilmektedir (Ofuya ve ark., 2010).

Depolanmig baklagillerin en 6nemli zararlhilarindan
biri olanC.maculatus iilkemizin hemen hemen her
bolgesinde goriilmekte {iiretici, toptanci ve toplu tike-
tim merkezlerinde sikayetlere neden olmaktadir. Bu
zararh ile yapilan 6nceki ¢aligmalarda, Booker (1967),
zararlinin 24.4, 25.7 ve 28,5°C sicaklikta gelismesini
sirastyla 28.6, 26.9 ve 26.4 ginde tamamlandigini,
bununla birlikte ayn1 zararlinin 28 ve 25°C sicaklik ve
%70 nem oranmin saglandigi kosullarda gelismesini
tamamlamak igin sirasiyla 24.1 ve 35.5 giin gerektigini
bildirmektedir. Tamer (1996), nohut ve boriilcede or-
tam sicakligi arttik¢a zararlimin gelismesinin hizlandi-
gmi1 ve bunun sonucu olusan zararin arttigini gézlem-
lemistir. Mahmood ve Salih (2006) dort farkli sicaklik-
ta (20, 25, 30 ve 35°C) yiiriittiikleri ¢caligmada sicakli-

g artmasiyla C. maculatus’un yasam siiresinin dnemli
diizeyde azaldigim tespit etmislerdir. Ayn1 sicakliklar-
da yumurta a¢ilma oranlarinin sirasiyla %59, 97,51 ve
80 oldugunu bildirmektedir. Ayni ¢alismada ortalama
ergin yasam siiresi ayni sicakliklarda erkek bireylerde
sirastyla 14.4, 10.3, 7.2 ve 3.5 giin iken disilerde ise
12.7, 8.0, 6.0 ve 4.2 giin olarak bulunmustur. Diger
taraftan, Mahfuz ve Khalequzzaman (2007),C. macula-
tus’un %7543 nem ve 30£1 °C sicaklik sartlarinda 45-
90 giin igerisinde 2-5 kg boriilce tohumlarinda maksi-
mum zarara neden oldugunu bildirmektedir.

Callosobruchus maculatus iilkemizin hemen her ta-
rafinda goriilen ve nohutlarda 6nemli Olgiide zarar
yapan bir tiirdiir. Bu ¢alismada, canli ve cansiz ¢evresel
etkenlerin zararlinin yasayisina ve gogalmasina etkile-
rinin tespit edilmesi ve laboratuvarda kitle tiretimi ile
ilgili bilgilerin elde edilmesi amaglanmistir. Aragstir-
mamizda ti¢ farkli sicakligin (25, 30 ve 35 °C)C. macu-
latus’un gelisme siiresine, cinsiyet oranima (disi/erkek)
ve ergin cikis oranina etkileri aragtirilmistir. Ayrica
mevcut c¢alismada popiilasyon yogunlugu ve cinsiyet
oranmin disinin biraktig1 yumurta sayisina etkileri de
arastirilmistir.

2. Materyal ve Yontem

2.1. Callasobruchus maculatus erginlerinin ve yumur-
talarimin elde edilmesi

Mevcut ¢alismada kullanilan C. maculatus bireyleri
Selcuk Universitesi Ziraat Fakiiltesi Bitki Koruma
Boliimii Entomoloji laboratuarindaki 284+2°C sicaklik,
%55+5 nemde ve karanlik kosullarda c¢alisan iklim
kabininde (Niive Klimatik Test Kabini TK 120) bulu-
nan stok kiiltiirden az sayida ergin alinarak temin edil-
mistir. Daha sonra bu popiilasyondan 1-2 giinliik ergin-
ler alinarak, igerisinde nohut bulunan (250 g) 1 litrelik
cam kavanozlara birakilmigtir. Ergin bireylerin birakil-
dig1 kavanozlarin agizlari tiilbentle kapatilmigtir. Bu
bireylerin ¢iftlesip yumurta birakmalarii1 saglamak
amactyla yedi giin boyunca kavanozlar igerisinde bek-
letilmistir. Daha sonra kavanozlardaki nohutlar elen-
mek suretiyle ergin bireyler ortamdan uzaklagtirilmis-
tir. Kavanozlarda sadece nohutlar kalmistir. Uzerinde
yumurta bulunan nohutlardan ergin bireyler ¢ikincaya
kadar daneler (yaklasik 24-26 giin) kavanozlarda bekle-
tilmigtir. Tiim c¢alismalarda bir giinliik erginler kulla-
nilmistir. Kavanozlardan elde edilen bir giinlik ergin-
lerden bes erkek ve bes disi bocek alinarak, i¢inde 10
adet nohut bulunan petrilerde 24 saat siireyle ¢iftlese-
rek yumurta birakmalarina izin verilmistir. Ertesi giin
erginler uzaklastirilmistir. Birakilan yumurtalar miim-
kiin mertebe tane iizerinde homojen dagilacak bir se-
kilde ve sicaklik calismalari i¢in her tane iizerinde 5’er
adet olacak sekilde birakilmis (her petri kabinda 50
adet yumurta birakilmistir) fazla olan yumurtalar bir
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toplu igne yardimiyla embriyolar: tahrip edilerek agil-
malarma izin verilmemistir.

2.2. Degisik Sicakliklarin C. maculatus’a Etkileri

Sicaklik ¢alismalarinda her petri bir tekerriirii olusg-
turmus, denemeler dort tekerriirlii olarak 25, 30 ve 35
°C sicakliklarda, %55+5 orantili nem ve karanlik sart-
lardaki iklim kabininde yiiriitilmiistiir. Caligmanin ilk
asamasini olusturan bu kisimda, ergin ¢ikis orani, 6liim
orant (yumurtatlarvatpupa), gelisme siiresi ve di-
si/erkek orani tespit edilmistir.

2.2.1. Cikan ergin sayisinin tespiti

Yukarida belirtildigi sekilde her petriye 10 adet no-
hut (her tanede bes adet yumurta bulunan) birakilmis-
tir. Son ergin ¢ikist oluncaya kadar giinliik olarak takip
edilmis ve giinliik ¢ikan ergin sayis1 kaydedilmistir.

2.2.2. Geligme stiresinin tespiti

Geligme siireleri, yumurtanin birakildigr giinden
baslanarak ilk ergin ¢ikisinin oldugu giine kadar olan
stire olup, petri kaplarinin giinlik kontrollerinde ergin
¢ikis tarihleri kaydedilmistir. Yumurtanin birakildigi ve
erginin ¢iktigi tarihler arasindaki siire gelisme siiresi
olarak tespit edilmistir.

2.2.3. Cinsiyet oranmina etkisi

Nohut tanelerinden ¢ikan erginlerin cinsiyetleri
Brown ve Downhower (1988)’in belirttigi ayirim ka-
rakteri esas alinarak tayin edilmis ve her farkli sicaklik
icin petrilerdeki disi ve erkekler sayilarak cinsiyet orani
(disi/erkek) belirlenmistir.

2.3. Popiilasyon Yogunlugu ve Cinsiyet Oranimin Digi-
nin Biraktigi Yumurta Sayisina Etkisi

2.3.1.Popiilasyon  Yogunlugunun Diginin Biraktigi
Yumurta Sayisina Etkisi

Cikist gozlenen bir giinliik erginlerden tesadiifi ola-
rak 1 disi 1 erkekten 12 disi 12 erkege kadar
(2,4,6,8,10,12,14,16,18,20,22 ve24 ergin/petri; cinsiyet
orani 1/1 digi/erkek) bireyler almip icerisinde 20 nohut
tanesi bulunan petrilere konulmustur. Erginler yumurta
birakmalari i¢in dlene kadar bekletilmis ve dlen ergin-
ler elenip nohut iizerine birakilan yumurtalar sayilarak
her petri i¢in toplam yumurta sayilar1 kaydedilmistir.
Her petrideki yumurta sayisi petri iginde bulunan disi
sayisina boliinerek bir disinin biraktig1 yumurta sayisi
belirlenmistir.

2.3.2. Cinsiyet Orammin Diginin Biraktigi Yumurta
Sayisina Etkisi

Cikis1 gozlenen bir giinliik erginlerden tesadiifi ola-
rak her bir petri i¢in 4 disi alinmis ve erkek sayisi
1’den 8’e kadar degistirilerek bu disilerin yanina bira-
kilmistir. Her petriye 20 nohut birakilmistir. Erginler
yumurta birakmalar1 i¢in Olene kadar bekletilmis ve
6len erginler elenip nohut iizerine birakilan yumurta
sayllarak kaydedilmistir. Her petri igin kaydedilen
yumurta sayilar1 dorde boliinerek bir disinin biraktigi
yumurta sayisi tespit edilmistir.

Tiim denemelerde her petri bir tekerriirii olustur-
mus, denemeler 4 tekerriirlii olarak yiiriitiilmiistiir.

3. Arastirma Sonugclar1 ve Tartisma

3.1. Degisik Sicakliklarin C.maculatus’a Etkileri

Callosobruchus maculatus’un ergin ¢ikis orani,
6liim orani, gelisme siiresi ve cinsiyet (disi/erkek) orani
iizerine sicakligin etkisi Cizelge 1’de verilmistir.

Cizelge 1
Degisik sicakliklarin Callosabruchus maculatus’un ergin ¢ikis orani, 6liim orani, cinsiyet orani ve gelisme siirelerine
etkileri
Sicaklik(°C) Ergin Cikis Oliim Oran1 (%) Cinsiyet Orani (D/E) Gelisme Siiresi(Gtin)
Orani (%)
25 58+9.3 424+9.3 1/0.89 34.75+0.95
30 74+4.7 26+4.7 1/0.92 21.50+1.20
35 10+7.8 90+7.8 1/1.69 24.75+1.70

Cizelge 1’de goriildigi gibi 30°C sicaklikta ergin
¢ikis orani %74’le en yiiksek bulunmustur. Yine ayni
sicaklikta gelisme siiresi en kisa (21.5 giin) tespit edil-
migtir. Diger iki sicaklikta gelisme siiresi daha uzun,
ergin cikis oran1 daha diisiik olmustur. Oliim orani
35°C’de en yiiksek diizeye ulagmistir. Poulami ve
Anandamay (2012),C.maculatus™u dort farkli sicaklikta
(20, 25, 30 ve 35°C) %70 orantili nemde dort farkl

khesari varyetesinin (Bio L 212 Ratan, Nirmal B-1,
WBK-14-7 ve WBK-13-1) tohumlar1 {izerinde kiiltiire
almiglardir. C. maculatus’un 20°C’de gelismesini ta-
mamlayamadigmt ve gelisme siresinin (WBK-14-7
tohumu harig) en kisa 30°C’de, en uzun 25°C’de oldu-
gunu belirtmekte olup, bu arastirmadan elde edilen
sonuclarla paralellik gostermektedir. Diger taraftan,
Mahmood ve Salih (2006) yirittikleri ¢alismada C.
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maculatus’u dort farkl sicaklikta (20, 25, 30 ve 35°C)
ve sabit orantili nemde boriilce tohumlar1 {izerinde
kiiltiire almislardir. Sicakligin artmasiyla birlikte zarar-
Iinin gelisme siiresinin de ciddi anlamda kisaldigini ve
gelisme siiresini belirtilen sicakliklarda sirasiyla 62.80,
30.5, 21.34 ve 21.23 giin olarak tespit etmislerdir.

Calismada 35°C’de tane igerisinde pupalarin birgo-
gunun c¢ikis yapamadan oldiikleri goriilmiistiir. Bu
sicaklikta ¢ikis yapan erginlerin ise ¢ikistan kisa bir
stire sonra o6ldiikleri gdzlemlenmistir.

3.2. Popiilasyon Yogunlugu ve Cinsiyet Oraninin
Disinin Biraktigi Yumurta Sayisina Etkisi

Popiilasyon yogunlugunun disi yumurta sayisina
etkisi Sekil 1°de goriilmektedir. Popiilasyon yogunlugu
2’den 16 ergin/petri (8 disi 8 erkek) arasinda arttirildi-
ginda bir diginin biraktigi yumurta sayisi 68 ve 74 adet

yumurta arasinda dalgalanmis, popiilasyon yogunlugu
18 ve 20 ergin/petri oldugunda birakilan yumurta sayisi
diismeye baglamistir. Yogunluk 22 ve 24 oldugunda
birakilan yumurta sayisi sabit bir seyir izlemistir.

Drosophila melanogaster ve Drosophila simulans'
m ergin popiilasyon yogunlugu ve dogurganligi iizerine
yapilan bir ¢alismada, her iki tiir i¢in de, popiilasyon
yogunlugu arttikca, dnce toplam yavru sayisinin hizla
arttig1 daha sonra azalisa gectigi belirlenmigtir. Ancak
disi basma diisen ortalama yavru sayisinin, en diisiik
yogunluktan itibaren popiilasyon yogunlugu arttikca
hizla azaldig1 rapor edilmistir (Barker, 1973). Diger bir
calismada da benzer sekilde D.melanogaster’ in ergin
yogunlugu arttik¢a disi basina diisen yumurta sayisinin
distiigii bildirilmistir (Rodriguez, 1989).
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Sekil 1

Callosabruchus maculatus’un farkli popiilasyon yogunluklarinda disilerinin biraktig1 yumurta sayist

Bir disinin biraktigi yumurta sayisi cinsiyet orani
1/0,25 den baglayarak, 1/0,50, 1/0,75 ve 1/1 (di-
si/erkek) oranina kadar artig gostererek yumurta sayisi
70 adede ulasmustir. Cinsiyet oran1 1/1.25,1/1.50,1/1.75
ve 1/2 (disi/erkek) oldugunda bir diginin biraktigi yu-
murta sayisinda énemli bir artis olmamis, bir disi en
fazla 71 adet yumurta birakmistir (Cizelge 2).

Sonug olarak Callosobruchus maculatus’un labora-
tuarda kitle iiretimi i¢in; optimum sicakligin 30 °C,
populasyon yogunlugunun 16 ergin/petri (8 disi/erkek)
ve cinsiyet oraninin 1/1 oldugu tespit edilmistir.

Cizelge 2
Farkli cinsiyet oraninin Callosabruchus maculatus™un disi yumurta sayisi tizerine etkisi
Esey Orani (Disi/Erkek)
4/1 4/2 4/3 4/5 4/6 417 4/8
Yumurta
4241 53£13  63+08  70+0.5  70£17 70+1 7106 71+14

Sayisi(Adet)
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Bu ¢alisma, 2012 -2013 yetistirme déneminde Konya-Merkez ve Igeri Cumra
kosullarinda 20 makarnalik bugday genotipinin tane verimi ve bazi kalite
ozelliklerini belirlemek amaciyla kuru kosullarda yiiriitiilmiistiir. Bitki mater-
yali olarak daha dnceki yillarda makarnalik bugday 1slah programi kapsaminda
gelistirilmis 16 ileri kademede bugday hatti ve Orta Anadolu Bolgesinde yay-
gin olarak yetistirilen 4 ¢esit (Kiziltan-91, C-1252, Eminbey ve Kunduru1149)
kullanilmustir. Arastirma Tesadiif Bloklart Deneme Desenine gore 4 tekrarla-
mali olarak yiiriitiilmiistiir. Calismada, tane verimi, bitki boyu, bin tane agirlig,
hektolitre agirligi, protein orani, renk (b sarilik) degeri ve mini SDS degeri
belirlenmistir. 1ki gevrenin ortalamasi olarak genotiplerin tane verimi 2027.0-
3679.2 kg ha, bitki boyu 70.9-112.2 cm, bin tane agirhg 34.7-44.4 g, hekto-
litre agirligr 73.7-77.0 kg, protein oran1 % 11.0-14.2, mini SDS degeri 10.3-
26.8 ml ve renk (b sarilik degeri) 19.5-24.2 arasinda degismistir. Iki ¢evrenin
ortalamasina gore tane verimi bakimindan 1, 3, 4, 6, 7, 8, 18 ve 19 numarali
hatlar genel ortalamanin (3040.6 kg ha™) iizerinde, protein oram bakimndan
dal, 2 3,9, 12, 14, 16, ve 19 numarah hatlar genel ortalamamn (%12.4) tize-
rinde degerlere sahip olmuslardir.
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This study was conducted to determine grain yield and some quality traits of 20
durum wheat genotypes under rainfed conditions in 2012-2013 growing season
at Konya-Center and Iceri Cumra. In previous years, improved in durum wheat
breeding program 16 lines and commonly grown in the Central Anatolian
Region 4 cultivars (Kiziltan-91, C-1252, Eminbey ve Kundurul1149) were used
as plant material. The research was arranged in a randomized block design with
four replicates. Grain yield, plant height, thousand kernel weight, test weight,
protein content, SDS sedimentation value and color value were evaluated in
this research. According to the results including two environment averages;
grain yield, plant height, thousand kernel weight, test weight, protein content,
SDS sedimentation value and color value of genotypes, were between 2027.0-
3679.2 kg ha?, 70.9-112.2 cm, 34.7-44.4 g, 73.7-77.0 kg, 11.0-14.2 %, 10.3-
26.8 ml and 19.5-24.2, respectively. On average of two environments, in terms
of grain yield, 1, 3, 4, 6, 7, 8, 18 and 19 numbered lines had above the overall
grain yield (3040.6 kg ha‘l). Also, 1, 2, 3,9, 12, 14, 16, and 19 numbered lines
in terms of protein content had values over the grand mean (12.4%).
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1. Giris

Bugday, diinyada ve Tiirkiye’de insan beslenme-
sinde 6nemli bir yere sahiptir. Bugday, gluten protein-
leri icermesi Ozelligi ile ekmek, makarna, eriste, bul-
gur, kuskus, biskiivi, kraker, gofret, kek ve bazi kahval-
tilik gevrek ve cgerezlerin iiretiminde essiz bir yere
sahiptir (Abad ve ark., 2004). Triticum durum tiirii
icinde yer alan bugdaylar, makarna {iretimine en uygun
olan bugdaylardir [Aguilar-Mariscal ve Hunt, 1991;
Abad ve ark., 2004; Akgiin ve ark., 2011). Tane boyu-
tu, sertligi, camsilik orani, irmik verimi, protein miktar
ve Ozellikleri (gluten kuvveti), sar1 renkli pigment
igerigi ve sar1 renk kaybi veya {iriin kararmasina neden
olan oksidatif enzimlerin aktiviteleri durum bugdayinin
kalitesinde belirleyici olan faktérlerdir (Akinci ve Yil-
dirim, 2007; Akgiin ve ark., 2011).

Bugday gerek Diinya’da gerekse iilkemizde strate-
jik bir bitki olup, Diinya niifusunun yaklasik % 35’inin
temel besin maddesidir. Diinya’da ve Tiirkiye’de en
fazla yetistirilen kiltiir bitkisidir. Diinya’da 2014yl
itibariyle 220 milyon hektar alanda, yaklasik 729 mil-
yon ton tiretim yapilmistir (Anonim, 2017).

Tirkiye birgok bitkinin oldugu gibi makarnalik
bugdayin da anavatanidir. Bu nedenle diinyada kaliteli
makarnalik bugday firetebilecek en uygun ekolojik
bolgelere sahip iilkelerden biridir.

Ulkemizde 2016 yilinda 7.67 milyon hektarlik bug-
day ekim alanindan yaklasik 20.6 milyon ton iiriin
almmistir. Makarnalik bugdayin toplam bugday ekilis
alan1 igerisinde oran1 %16.1, iiretim icerisindeki orani
ise % 17.6 olmustur. Tiirkiye’nin tahil ambar1 olarak
nitelendirilen Konya’da 2016 yilinda 746 bin ha alanda
bugday ekimi yapilmis ve 2.0 milyon ton iriin elde
edilmistir. Konya’daki toplam bugday ekim ve ireti-
minin yaklasik 248 bin hektarlik ekim alanini ve 767
bin ton iiretimlik kismmi makarnalik bugdaylar olus-
turmaktadir (Anonim, 2017).

Makarnalik bugdaydan elde edilen son tiriiniin kali-
tesi tanenin fiziksel 6zellikleri ve kimyasal bilesimi ile
dogrudan ilgilidir. Bu kalite kriterlerinden en 6nemlile-
ri bin tane agirhigi, hektolitre agirhigi, protein miktari,
sedimantasyon degeri, gluten kuvveti, pigment miktari
ve oksidatif enzim aktiviteleridir. Bu kriterler kaliteli
bir makarnada istenen pigme kalitesini ve sar1 parlak
rengi tayin eden baslica 6zelliklerdir (Aygicek ve Yii-
riir, 1993).

Kurak bolgelerde verimin mevcut diizeyin yukari-
sia ¢ikarilmasinda ekolojik sartlara uygun yiiksek
verimli ve kaliteli cesitlerin tespit edilerek iireticilerin
hizmetine sunulmasi gerekmektedir. Cevre kosullarmin
yillara gore degiskenlik gostermesi nedeniyle ileri
kademedeki hatlarin ve mevcut gesitlerin iyi ve kotii
yillar1 kapsayacak sekilde denenerek stabil, yiiksek
verimli ve kaliteli genotipler belirlenmelidir (Aydin,
1997).

Bu calisma, Bahri Dagdas Uluslararasi Tarimsal
Arastirma Enstitiisti’nde yiiriitiilmekte olan 1slah calis-

malarinda ki verim ve hastaliklara diren¢ bakimindan
potansiyeli yiiksek bulunan bazi ileri kademe makarna-
lik bugday 1slah hatlar1 ile bolgede yaygin olarak yetis-
tirilen tescilli makarnalik bugday gesitlerinin verim ve
bazi kalite 6zellikleri bakimindan durumlarinin belir-
lenmesi amaciyla yiiriitilmiistir.

2. Materyal ve Yoéntem

Caligsma, 2012-2013 yetistirme yilinda Konya Bahri
Dagdas Uluslararasi Tarimsal Arastirma Enstitiisii’niin
Konya-Merkez ve Konya Igeri Cumra’da ki arastirma
ve uygulama arazilerinde kuru kosullarda yuriitiilmiis-
tiir. Konya-Merkez ve Konya Igeri Cumra’daki deneme
yerlerine ait 2012-2013 yetisme donemi igerisindeki
toplam yagis ve ortalama sicaklik degerleri ile uzun
yillar ortalama degerleri Tablo 1’de verilmigtir. 2012-
2013 yetistirme doneminde Konya Merkez’de diisen
toplam yagis miktar1 (273.0 mm) uzun yillar toplam
yagis miktarinin (318.7 mm) altinda kalirken, Konya
Iceri Cumra’da (270.6 mm) 8 mm kadar uzun yillar
ortalamasindan (262.6 mm) fazla olmustur.

Aragtirmanin yiiriitiildigli deneme yerlerinin 0-30
cm derinlikten alinan topraklarin analiz sonuglarina
gore; Konya-Merkez deneme yeri topraklar1 killi, igeri
Cumra deneme yeri topraklart ise kumlu-killi biinyeye
sahiptir. Her iki deneme alaninda da organik madde
diisiik (siras1 ile %1.28 ile 0.90), kireg igerigi ¢ok yiik-
sek (sirast ile % 29.26-37.80) ve hafif alkali yapiya
sahiptir (siras1 ile pH 7.82-7.70). Fosfor igerikleri (sira-
st ile 4.64-8.19 mg/kg P,0s) yiiksek diizeyde, potasyum
igerikleri ise (siras1 ile 92.31-84.35 mg/kg K,0) ¢ok
yiiksek diizeydedir.

Bu ¢alismada materyal olarak 16 adet ileri kademe-
deki makarnalik bugday hatt1 ve 4 adet tescilli makar-
nalik bugday cesidi kullanilmistir (Tablo 2).

Arastirma “Tesadiif Bloklar1” deneme desenine go-
re dort tekrarlamali olarak iki gevrede yiiriitiilmistiir.
Parseller 5 metre boyunda 6 siradan olusmus ve sira
arast 20 cm olacak sekilde ekim yapilmistir. Ekim
islemi deneme mibzeri ile metrekareye 550 adet tohum
olacak sekilde Konya-Merkez’de 20 Ekim, Iceri Cum-
ra’da ise 16 Ekim tarihlerinde yapilmistir. Denemede;
ekimle birlikte dekara 2.7 kg N ve 7 kg fosfor P,0s,
Ilkbaharda sapa kalkma déneminde ise 6.3 kg/da saf
azot olacak sekilde giibreleme yapilmig, gereken do-
nemlerde yabanci ot i¢in kimyasal miicadele islemleri
uygulanmistir. Hasat, Konya-Merkez ve Iceri Cum-
ra’da sirastyla 5 ve 15 Temmuz 2013 tarihinde genotip-
lerin hasat olgunluklarina geldikleri donemde deneme
bicerdoveri ile yapilmistir. Calisma ile ilgili dl¢iim ve
analizler Ev (2010)’in kullandig1 yontemler dikkate
almarak elde edilmistir. Elde edilen verilerin istatistik-
sel analizleri, SAS istatistik paket programi kullanila-
rak Diizgiines ve ark. (1987)nin bildirdikleri Tesadiif
Bloklar1 Deneme Desenine uygun olarak yapilmustir.
Arastirmada, ortalamalar arasi farklar Duncan testine
gore karsilagtirtlmistir.
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Konya ve Konya-iceri Cumra kosullarma ait 2012-2013 yetistirme dénemi ve uzun yillara iliskin bazi iklim degerleri

Konya-Merkez Konya-Igeri Cumra
Yagis (mm) Ortalama Sicaklik (°C) Yagis (mm) Ortalama Sicaklik (°C)
2012-2013  Uzun  2012-2013 Uzun 2012-2013 Uzun 2012-2013  Uzun
Yillar Yillar Yillar Yillar
Eyliil 0.0 11.2 21.2 18.4 0.0 6.8 20.1 17.4
Ekim 4.6 31.3 155 124 24.2 26.7 14.7 12.0
Kasim 344 331 8.5 6.0 47.2 322 7.9 5.5
Aralik 57.0 44.8 4.6 1.6 53.0 41.8 4.5 1.3
Ocak 33.6 35.3 2.8 -0.3 134 27.8 2.2 -1.6
Subat 24.4 28.2 5.9 1.2 26.4 19.7 5.1 -0.1
Mart 20.0 27.1 8.8 5.6 14.8 25.8 7.9 5.2
Nisan 31.2 34.0 13.1 10.9 61.2 29.4 12.0 11.2
May1s 50.6 43.6 19.6 15.7 12.8 29.0 18.8 15.3
Haziran 15.0 23.2 225 20.1 13.0 18.2 21.4 19.8
Ort./Top. 270.8 311.8 12.25 9.16 266.0 257.4 11.46 8.60
Tablo 2

Denemede kullanilan makarnalik bugday genotipleri

1 | KRISTAL/AKBASAK/BOTNO

BERK/C25-6//RICCYA/KND/3/KND//68111/WARD/5/UV126/61-130//1224-1/3/414-44/4/DF21.72//61-

BERK/G75T181//BAGACAK"S"/3/KIZILTAN

KOBAK2916*61-130/3/GOKALA//BR180/WLS/4/B24SYRIAN-2

KIZILTAN

HARAA456/4/61-130/414-44//68111/WARD/3/69T02/69T11/ZF7113

61-130/0VY162/64140/WARD

ALTINDANE/BERK/7/BR180/4/LAKOTA/3/60-120/LDS//64-
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[EEN
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N

ANK-05/95/KAVAK
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w
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3. Arastirma Sonuglar1 ve Tartisma

3.1. Tane Verimi

Cevrelerin ayr1 ayr1 ve birlestirilmis varyans analizi
sonucunda, tane verimi bakimmdan genotipler ve cev-
reler arasindaki fark ¢ok 6nemli (% 1 diizeyinde) bu-
lunmustur (Tablo 3). Konya-Merkez’de tane verimi
1392.1 (14 nolu genotip) ile 3836.9 kg ha™ (7 nolu
genotip) arasmda degismistir. Konya-Merkez’de 7
(3836.9 kg ha'), Kunduru-1149 (3817.5 kg ha?), 1

(3750.4 kg ha™), 18 (3469.2 kg ha™), 19 (3203.7 kg ha’
1), ¢-1252 (3202.3 kg ha'), 13 (3182.3 kg ha™), 6
(3151.0 kg ha), 3 (3140.8 kg ha), 8 (3087.7 kg ha™)
ve 4 (3080.0 kg ha™) numarali genotip ve gesitler sira-
styla en yiiksek tane verimine sahip olmus ve istatistiki
olarak ayn1 grupta yer almistir. Konya Iceri Cumra’da
tane verimi 2661.9 (14 nolu genotip) ile 3891.6 kg ha™
(8 nolu genotip) arasinda degistigi belirlenmistir. Sira-
siyla 8 (3891.6 kg ha™), 6 (3766.9 kg ha™), 7 (3521.5
kg hal), 18 (3425.8 kg ha™), 17 (3333.1 kg ha), 16
(3278.1 kg ha™), 4 (3193.1 kg ha™), C-1252 (3180.0 kg
ha™), Kiziltan-91 (3140.4 kg ha), 1 (3133.9 kg ha™),
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12 (3076.9 kg ha™), 9 (3042.3 kg ha') ve Eminbey
(3041.5 kg ha™) gesit ve genotipleri en yiiksek tane
verimine sahip olmus ve istatistiki olarak ayni grupta
yer almigtir (Tablo 3).

Tane verimini belirleyen esas belirleyici faktor bit-
kinin genetik yapisidir (Gebeyehou ve ark.,1982). Tane
verimi kantitatif bir 6zellikle olup, pek ¢ok bitkisel
ozellik tarafindan kontrol edilmektedir. Bir genotipin
verim potansiyelini 6l¢mek igin, farkli iklim ve toprak
ozelliklerine sahip birden fazla lokasyonda ve/veya
yilda denemeye alinmasi gerekmektedir. Genotiplerin
farkli cevrelerde farkli reaksiyon gdstermesine genetik
faktorlerin yaninda abiyotik ve biyotik stres faktorleri
neden olmaktadir. Yagislarin fazla ya da az olmasi
veya sicakligin yiiksek ya da diisiik olmas1 interaksiyo-
na etkiyi artrmaktadir (Blum, 1998). Bugdayda tane
verimini vejetasyon doneminde diisen yagis miktarin-
dan ¢ok, yagisin yetigme donemindeki dagilimu etkile-
mektedir (Cetin ve ark., 1999). 2012-2013 yetistirme
doneminde Konya-Merkez’de diisen toplam yagis
miktar1 (270.8 mm) uzun yillar toplam yagis miktarinin
(311.8 mm) altinda kalirken, Konya Igeri Cumra’da
(266.0 mm) 8.6 mm kadar uzun yillar ortalamasindan
(257.4 mm) fazla olmustur. Denemelerin kuruldugu
2012 yilinin Ekim ayinda Konya-Merkez’de alman
yagis miktari (4.6 mm), uzun yillar yagis ortalamasimin
(31.3 mm) gok altinda kalmis bu durumda da tohumla-
rin ¢imlenme ve ¢ikigi gergeklesmemistir. Cimlenme
islemi kasim ayinda diisen yagislar sonucu ancak Ka-
stm ayinda gerceklesmistir. Iceri Cumra’da 2012 yili-
nin Ekim ayinda alinan yagis miktar1 (24.2 mm), uzun
yillar ortalamasi (26.7 mm) civarinda olmus ve tohum-
larin ¢imlenmesi ve cikisinda herhangi bir sorun ya-
sanmamistir (Tablo 1). Sicakliklardaki yiikselis ve
yagiglardaki azalma genotiplerin c¢evrelere verdigi
tepkileri etkilemis ve nihayetinde Konya-Merkez’in
verim ortalamasi Igeri Cumra’dan 231. 6 kg ha™daha
diisik olmus ve yapilan bu g¢alismada Konya-
Merkez’de ortalama verim 2924.8 kg ha™, iceri Cum-
ra’da ise 3156.4 6 kg ha™ olarak tespit edilmistir.

iki cevrenin birlestirilmis varyans analizi sonucuna
gore tane verimi 2027.0 kg ha™ ile 3679.2 kg ha™ ara-
sinda degismis ve sirasiyla 7 (3679.2 kg ha?), 8
(3489.6 kg ha™), 6 (3459.6 kg ha™), 18 (3447.5 kg ha’
1), 1 (3442.1 kg ha™), Kunduru-1149 (3317.0 kg ha™),
C-1252 (3191.2 kg ha®) ve 4 (3136.6 kg ha™) numarali
genotip ve gesitler en yiiksek tane verimi vermisler ve
istatistiki olarak ayni grupta yer almislardir. Bu calis-
mada tane verimi bakiminda 1, 4, 6, 7, 8 ve 18 hatlar
ile standart cesitlerden C-1252 ve Kunduru-1149 gesit-
lerinin tane verimi ag¢isindan 6n plana ¢iktiklar tespit
edilmistir (Tablo 3). Makarnalik bugday ile ilgili 6nce-
ki yillarda farkli genotipler ile degisik ekolojilerde
yapilan calismalarda tane verimi 684 kg haile 7170 kg

ha' arasinda degistigi bildirilmis olup, tane verimi

2420-5730 kg ha™ (Abad ve ark., 2004), 6646-7170 kg
ha® (Demirkazik, 2005), 2076-5760 kg ha™ (Ozgiiner,
2006), 2708-3909 kg ha™ (Yazar ve Karadogan, 2008),
2080-3280 kg ha™ (Akgiin ve ark., 2011) ve 1955-6269
kg ha’ (Kendal ve ark., 2011) arasinda bulunmustur.
Onceki aragtirmalarin bazilarinda ki verim degerlerinin
bu arastirmaya gore yiiksek olmasinin nedeni, kullani-
lan genotiplerin, ekolojik kosullarin ve uygulanan kiil-
tiirel iglemlerin farkli olmasindan kaynaklanmis olabi-
lir.

3.2. Bitki Boyu

20 makarnalik bugday genotipi ile yapilan bu ¢a-
lismada g¢evrelerin ayr1 ayri1 ve birlestirilmis varyans
analizi sonucunda bitki boyu bakimindan g¢evreler
arasinda ve genotipler arasinda %1 diizeyinde 6nemli
farklar bulunmustur (Tablo 3). Konya-Merkez’de bitki
boyu 70.0 cm (C-1252) ile 108.8 cm (Kunduru-1149)
arasinda, Igeri Cumra’da ise 71.9 cm (C-1252) ile
116.3 cm (12 nolu genotip) arasinda degistigi belirlen-
mistir. Caligmada yer alan genotiplerin ortalamasi
olarak Konya-Merkezde bitki boyu ortalamasi 94.2 cm,
Iceri Cumra’da ise 101.3 cm olarak belirlenmis ve
aralarindaki fark istatistiki olarak ¢ok énemli olmustur.
Birlestirilmis varyans analiz sonucuna gore en yiiksek
bitki boyu degeri Kunduru-1149’dan (112.2 cm), en
diisiik bitki boyu ise C-1252 (70.9 cm) ¢esidinden elde
edilmis (Tablo 3) olup, 1, 2, 3, 4, 8, 9, 11, 12, 13, 14,
16, 18 ve 19 numarali hatlar ve Kunduru-1149 genel
ortalamanin (97.7 cm) tlizerinde bitki boyuna sahip
olmuslardir. Sirastyla 11 (110.8 cm), 12 (107.4 cm), 19
(105.7 cm), 3 (104.9 cm) ve 18(104.9 cm) numarali
genotipler diger genotiplere gore daha yiiksek bitki
boyuna sahip oldugu tespit edilmistir (Tablo 3).

Bitki boyu bugday icin 6nemli &zelliklerden birisi
olup verim ve kalite agisindan 6nemlidir. Uzun boylu
cesitlerde basak boyu da uzun olurken, sap inceldikce
yatmaya meyil artmakta ve fotosentez iriinlerinin sap
ve yaprak gelisiminde de kullanimiyla taneye giden
enerji azalmakta ve buna bagli olarak verim diisebil-
mektedir. Kisa boylu ¢esitlerde ise fotosentez alani az
oldugundan verim diisiik olabilmektedir. Bazi arastir-
macilar ise kisa boylu gesitlerin uzun boylu cesitlere
gore daha fazla tane verimine ve kardes sayisina sahip
oldugunu bildirmislerdir (McClung ve ark., 1986; Bla-
de ve Baker, 1991; Dogan ve Yiiriir, 1992). Sharma ve
Smith (1986) ise bitki boyu ile tane verimi arasinda
iliski olmadigin1 bildirmislerdir. Bitki boyu cesidin
genetik o6zelliklerine bagli bir 6zellik olmakla birlikte
diisen yagis miktar1 yaninda yetistirme teknigine
(Sharma ve Smith, 1986) ve azotlu giibre uygulamalar1
ile bitki sikligina bagh olarak da degisebilmektedir
(Gravelle ve ark., 1988).
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Tablo 3
Makarnalik bugday genotiplerinin tane verimi ve bitki boyuna ait ortalama degerler
Genotip Tane verimi (kg ha™) Bitki boyu (cm)
Konya** I. Cumra**  Ortalama** | Konya** I. Cumra**  Ortalama**
1 3750.4 ab 3133.8a-d 3442.1ab 100.3 abc 101.9 ef 101.1cd
2 2630.6 d-g 2985.0 bed 2807.8 cd 98.0 a-d 108.8 b-e 103.4 bcd
3 3140.8 a-f 2957.3bcd 3049.0 bed 103.5ab 106.3 de 104.9 a-d
4 3080.0 a-f 3193.1a-d 3136.6 a-d 91.3b-g 105.6 de 98.4 de
KIZILTAN-91 2720.0 c-f 3140.4 a-d 2930.2 bed 84.8 efg 85.6 hi 85.2 fg
6 3151.0 a-f 3766.9 ab 3458.9ab 80.9 fgh 88.1gh 84.5¢
7 3836.9a 3521.5 abc 3679.2a 85.4d-g 83.1 hi 84.3¢g
8 3087.6 a-f 3891.5a 3489.6 ab 96.6 a-e 107.5 cde 102.1 cd
9 2378.1fg 3042.3 a-d 2710.2d 98.0 a-d 109.4 a-d 103.7 bed
C-1252 3202.3a-d 3180.0 a-d 3191.2 a-d 70.0h 71.9] 70.9h
11 2988.5 b-f 3033.1 bed 3010.8 bed 107.1a 114.4 abc 110.8 ab
12 2624.0 d-g 3076.9 a-d 2850.5 cd 98.6 abc 116.3 a 107.4 abc
13 3182.3 a-e 2731.2 cd 2956.7 bed 101.0 abc 105.6 de 103.3 cd
14 1392.1h 2661.9d 2027.0e 96.6 a-e 103.8 de 100.2 cd
EMINBEY 2535.0d-g 3041.5a-d 2788.3 cd 78.3gh 80.61i 79.4¢
16 2402.5 efg 3278.1a-d 2840.3 cd 91.9 b-f 106.9 de 99.4 de
17 1904.2 gh 3333.1a-d 2618.7d 90.1c-g 95.0 fg 92.6 ef
18 3469.2 abc 3425.8 a-d 3447.5ab 101.6 abc 108.1 cde 104.9 a-d
19 3203.7 a-d 2918.8 bed 3061.3 bed 100.8 abc 110.6 a-d 105.7 a-d
KUNDURU-1149 3817.5a 2816.5 cd 3317.0 abc 108.8 a 115.6 ab 112.2 a
Ortalama** 2924.8 B 3156.4 A 3040.6 94.2B 101.3A 97.7
VK (%) 11.2 12.9 12.0 9.8 4.9 7.4

**; 9% 1 diizeyinde 6nemli

3.3. Bin Tane Agirlig

Farkli makarnalik bugday genotipleri ile iki ¢cevrede
(Konya ve Igeri Cumra) vyiiriitiilen denemede elde edi-
len verilerle ¢evrelerin ayr1 ayri ve birlestirilmis var-
yans analiz sonuglarina gore bin tane agirligi yoniinden
genotip ve c¢evreler arasinda %1 diizeyinde &nemli
farklarin oldugu tespit edilmistir (Tablo 4). Konya-
Merkez’de bin tane agirligi 29.8 g (2 nolu genotip) ile
39.6 g (6 nolu genotip) arasinda, Konya Igeri Cumra’da
ise 38.1 g (1 nolu genotip) ile 51.4 g (16 nolu genotip)
arasinda degismistir. Iki cevrenin ortalamasima gére bin
tane agirligl 34.7 g (2 numarali genotip) ile 44.4 g (6
nolu genotip) arasinda degismis ve 6, 8, 11, 12, 13, 16,
17, 19 numaral hatlar ve Kunduru-1149 genel ortala-
manin (39.8 g) tizerinde bin tane agirligina sahip ol-
muglardir (Tablo 4). Makarnalik bugdayda bin tane
agirhig ile ilgili 6nceki yillarda yapilan caligmalarda;
Sozen ve Yagdi (2005) 42.80 - 48.80 g, Akgiin ve ark.
(2011) 35.63 - 47.04 g, Aydogan ve ark. (2012) 36.08-
38.00 g, Mohammed ve ark. (2012) 35.4 - 48.8 g, Kilig
(2014) 35.7 - 42.4 g arasinda degisen degerleri tespit
etmiglerdir.

3.4. Hektolitre Agrilig

Bugdayda 6nemli kalite unsurlarindan biride hekto-
litre agirhgidir. Hektolitre agirlign makarnalik bugday
standartlarinda tanenin saglamliginmn, 6giitme kalitesi-
nin ve irmik veriminin bir gdstergesi olarak yaygin bir

sekilde kullanilan temel fiziksel kalite unsurlarindan
biridir (Soylu, 1998).

Cevrelerin ayr1 ayr1 ve birlestirilmis varyans analizi
sonucunda, hektolitre agirligi bakimindan genotipler
arasinda % 1 diizeyinde 6nemli fark oldugu cevreler
arasindaki farkin ise Onemsiz oldugu belirlenmistir
(Tablo 4). Konya-Merkez’de hektolitre agirligi 73.1 kg
(6 nolu genotip) ile 78.6 kg (19 nolu genotip) arasinda,
Konya Igeri Cumra’da ise 73.6 kg (3 nolu genotip) ile
77.3 kg (1 nolu genotip) arasinda degismistir. 20 ma-
karnalik bugday genotipi ile yiiriitiilen bu ¢alismada
Konya-Merkez de hektolitre agirligi ortalamasi 75.5 kg
olurken, igeri Cumra da 75.4 kg olarak belirlenmistir.
1,4,9, 11, 14 ve 18, numarali genotipler her iki ¢evre-
de de cevre ortalamasinin {izerinde hektolitre agirligi
degerine sahip olmustur. Birlestirilmis varyans analiz
sonucuna gore en yiiksek hektolitre agirhigi degeri 77.0
kg ile 1 numarali hattan, en diisiik hektolitre agirligi ise
73.7 kg ile Eminbey ¢esidinden elde edilmistir. Sirasiy-
la1, 11,19, 4,9 ve 18 numaral hatlar ile C-1252 ¢esi-
di en yiiksek hektolitre agirhigina sahip olmus ve ista-
tistiki olarak ayni1 grupta yer almiglardir (Tablo 4).

Cesitli hastaliklar, zarar gdrmiis taneler, nisasta
orani yiiksek taneler, giinesten yanmis ve burusmus
taneler, yabanct maddeler ayrica yiiksek nem igerigi ve
cevre kosullar etkisiyle olgunlagamayan ve dane do-
lumu tamamlanamamis taneler hektolitre agirhgim
distiriirler (Dalgam, 1993). Hektolitre agirligt gevre
faktorleri yani sira cesit Ozelligine, tane Ozelliklerine
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(tekdiizelik, karin ¢ukuru genisligi, endosperm yapisi)
bagli olarak ta degismektedir. Bu konu ile ilgili yapilan
bazi galigmalarda hektolitre agirhiginin gesitlerin gene-
tik yapilarindaki farklihiga (Geng ve ark., 1993) ve
iklimdeki degisikliklere (Atli ve ark., 1993) gore de

degistigi bildirilmistir. Makarnalik bugday ile daha

Tablo 4

onceki yillarda yapilan caligmalarda makarnalik bug-
dayda hektolitre agirhigi 75.33-80.01 kg (Demirkazik,
2005), 69.9-75.5 kg, (Ev, 2006) 78.77-81.66 kg, (Tag-
houti et al., 2010) 75.85-79.44 kg, (Akgiin ve ark.,
2011) ve 78.2-82.1 kg (Kilig, 2014) arasinda degistigi
bildirilmistir.

Makarnalik bugday genotiplerinin bin tane agirligi ve hektolitre agirligina ait ortalama degerler

Genotip Bin Tane Agrilig1 (g) Hektolitre Agirligi (kg)
Konya** I. Cumra** Ortalama** | Konya** I. Cumra**  Ortalama**

1 33.8cd 38.11 36.01j 76.6 cd 77.3a 77.0a
2 29.8¢ 39.6k 34.7) 75.3 efg 74.5 def 74.9 ef
3 35.2 cd 43.7 ghi 39.5e-h 74.1 hij 73.6f 73.9¢gh
4 34.8 cd 38.31 36.51 77.1bc 759 a-e 76.5ab
KIZILTAN-91 34.4 cd 43.7 ghi 39.1¢gh 73.6 jk 74.2 ef 73.9gh
6 39.6a 49.2 ab 4444 73.1k 76.0 a-d 74.6 fgh
7 34.8 cd 43.4 hi 39.1¢gh 74.2 hij 76.0 a-d 75.1 def
8 34.0cd 46.1 40.0 d-g 75.4 efg 75.0 b-f 75.2 def
9 35.8 bed 42.6j 39.2 fgh 77.3bc 75.6 a-e 76.4 ab
C-1252 36.8 abc 42.7 ij 39.8 e-h 77.4bc 75.0 b-f 76.2 abc
11 39.6a 43.5hi 41.5 bed 775b 75.8 a-e 76.6 ab
12 36.2 bc 44.3 fgh 40.2 cg 75.3fg 75.6 a-e 75.5 cdef
13 39.4a 46.8¢ 43.1ab 74.8 fgh 76.7 ab 75.8 be
14 36.2 bc 43.0j 39.6 e-h 75.7 ef 76.2 a-d 75.9 bed
EMINBEY 32.8de 455 de 39.1gh 73.7ijk 73.7f 73.7h
16 35.4 cd 514a 434 a 74.5 ghi 74.9 c-f 74.7 fg
17 34.8 cd 470c 40.9 cde 74.0 hij 75.3 b-f 74.7 fg
18 34.8cd 42.0] 38.4h 76.2 de 76.2 a-d 76.2 ahc
19 38.8ab 44.7 efg 41.7 bc 78.6 a 74.5 def 76.6 ab
KUNDURU-1149 36.6 ahc 45.1 ef 40.8 c-f 75.3 efg 76.5 abc 75.9 bed
Ortalama** 35.7B 440 A 39.8 75.5 75.4 75.5
VK (%) 3.1 1.7 2.5 0.8 1.6 1.3

**; 9% 1 diizeyinde 6nemli

3. 5. Protein Oram

Makarnalik bugdayda protein orani ve kalitesi,
bugdayin kullanim amacini belirleyen ve etkileyen en
onemli kalite 6zelligi olup, camsilik iizerine olumlu bir
etkiye sahiptir (At ve ark., 1993).

Cevrelerin ayr1 ayr1 ve birlestirilmis varyans analizi
sonucuna gore, tane protein orant bakimindan genotip-
ler ve gevreler arasindaki farkin ¢ok 6nemli (% 1 sevi-
yesinde) oldugu tespit edilmistir (Tablo 5). Konya-
Merkez’de protein oran1 % 11.9 (7 ve 11 nolu genotip)
ile % 17.3 (16 nolu genotip) arasinda, Konya Igeri
Cumra’da ise % 9.3 (18 nolu genotip) ile % 12.9 (19
nolu genotip) arasinda degigmistir. Farkli makarnalik
bugday genotipleri ile yiiriitiilen bu ¢alismada Konya-
Merkez de protein orani ortalamasi % 13.6 olurken,
Iceri Cumra da % 11.2 olarak belirlenmistir. Konya-
Merkez’de protein oraninin daha yiiksek olmasi, toprak
yapisindan dzellikle de organik madde igeriginin Igeri
Cumra’ya gore daha yiiksek olmasindan kaynaklanmis
olabilir. Ayrica Konya-Merkez’de Mayis ayinda diisen

yagisin Igeri Cumra’ya gore yiiksek olmasi da bitkile-
rin topraktaki besin elementlerinden daha iyi yararlan-
masl sonucu protein orani artmis olabilir. 1, 3, 9, 12 ve
14 numarali genotip ile Kunduru-1149 her iki lokas-
yonda da ¢evre ortalamasinin {izerinde protein oranina
sahip olmustur. Ayrica 2, 8 ve 16 numarali hatlar sade-
ce Konya-Merkez de ¢evre ortalamasinin iistiinde pro-
tein orani degerine sahip olmuslardir. Standart gesitler-
den C-1252 ve Eminbey sirastyla % 11.5 ve % 12.8
protein orani ile Igeri Cumra’da cevre ortalamasmin (%
11.2) tizerinde, Konya-Merkez’de yine sirasi ile % 12.3
ve % 13.4 protein orani ile ¢evre ortalamasmin (%13.6)
altinda yer almiglardir (Tablo 5). Yine standart gesit-
lerden Kiziltan-91, her iki ¢evrede de gevre ortalamala-
rinin altinda degerlere sahip olmustur.

Tablo 5’de goriildiigli gibi birlestirilmis varyans
analiz sonucuna gore en yliksek protein orani 16 numa-
ral1 hattan (% 14.2), en diisiik protein orani ise 18 nu-
marali hattan (% 11.0) elde edilmistir. 1, 2, 3,9, 12, 14,
16, 18 ve 19 numarali hatlar genel ortalamanm (%
12.4) iizerinde protein oranina sahip olmuslardir. 16 (%
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14.2), 12 (% 13.6) ve 14 (% 13.5) numarali genotipler
sirastyla en yiiksek protein oranma sahip olmus ve
istatistiki olarak ayni grupta yer almislardir. Caligmada
yer alan standart g¢esitlerden en yiiksek tane protein
oranmna % 13.1 ile Eminbey sahip olurken, en diisiik %
11.5 ile Kiziltan-91 ¢esidi sahip olmustur.

Ancak ¢alismada yer alan 6 genotip (3, 9, 12, 14, 16
nolu hatlar ve standart ¢esitlerden Eminbey) harig, 14
genotipin protein icerikleri yeterli (<% 13) diizeyde
degildir ( Troccoli ve ark., 2000; Giile¢ ve ark., 2010).
Bugdayda protein oranmin tiir, ¢esit, cevre kosullari ve
tiretim teknigine bagl olarak % 6-22 arasinda degistigi
ve iilkemizde protein oranmnin makarnalik bugdaylar
icin % 11-17 arasinda degistigi bildirilmistir (Unal,
2002). Protein orani ve kalitesi bakimindan gesitler

arasinda meydana gelen varyasyon; gesitlerin genetik
yapilarindan kaynaklanmakla birlikte, iklim kosullarin-
daki meydana gelen degisiklikler, 6zellikle tane dol-
durma donemindeki sicaklik ve yagis (Peterson ve ark.,
1992; Ath ve ark., 1993), toprak ozellikleri (mikroele-
ment eksikligi vb.), kiiltiirel uygulamalar (tane dolum
donemindeki giibreleme) ve biyotik streslerden (siine
vb) (Aguilar-Mariscal ve Hunt, 1991; Ath ve ark.,
1999; Caglayan ve Elgiin, 1999) yiiksek diizeyde etki-
lenmektedir. Makarnalik bugdayda yapilan bazi ¢alig-
malarda protein orani; % 12.5-15.2 (Abad ve ark.,
2004), % 13.88-16.85 (Taghouti ve ark., 2010), %
15.03-17.77 (Aydogan ve ark., 2011) % 10.65-13.22
(Mohammed ve ark., 2012) arasinda degistigi belir-
lenmistir.

Tablo 5
Makarnalik bugday genotiplerinin Protein orani ve mini SDS degerine ait ortalama degerler
Genotip Protein orani (%) Mini SDS degeri (ml)
Konya** I. Cumra**  Ortalama** | Konya** I. Cumra**  Ortalama**

1 14.0 b-f 11.8 b-e 12.9 b-e 26.5Db 21.5b 24.0c
2 14.2 b-e 10.8 f-h 12.5¢cg 12.5ij 8.0k 10.3j
3 150D 11.6 b-f 13.3 bc 21.0c 15.0e 18.0e
4 13.3d-h 11.2d-h 12.2 e-i 19.0 ef 135f 16.3f
KIZILTAN-91 13.1e-h 9.9 j 11.51jk 12.0j 10.5ij 11.31
6 12.5gh 10.5 ghi 11.51jk 20.0 de 16.5d 18.3e
7 11.9h 10.3 hi 11.1jk 16.0h 11.5 hi 13.8h
8 14.4 b-e 9.6 ij 12.0 f-i 18.0 fg 10.0 14.0h
9 14.0 b-f 12.0 a-d 13.0 b-e 135i 10.5ij 12.01
C-1252 12.3gh 11.5c-f 11.9 ghi 16.5h 14.0 ef 15.3 ¢
11 11.9h 11.5c-f 11.7 h-k 225¢ 18.0c 20.3d
12 14.8 bc 12.3 abc 13.6 ab 195e 16.5d 18.0e
13 13.5¢-g 11.4 d-g 12.4d-h 16.0 h 10.5 ij 13.3h
14 14.5 bed 12.5ab 13.5ab 16.5h 135f 15.09
EMINBEY 13.4d-g 12.8a 13.1 bed 235¢ 275a 25.5b
16 17.3a 11.1e-h 14.2a 23.0c 12.0 gh 175e
17 14.0 b-f 9.6 j 11.8 g-j 13.0ij 10.5 ij 11.81
18 12.6 fgh 9.3j 11.0k 31.0a 225h 26.8a
19 12.4 gh 129a 12.6 c-g 17.0 gh 13.0 fg 1509
KUNDURU-1149 13.9 b-f 11.7 b-f 12.8 b-f 16.5h 135f 15.09
Ortalama** 136 A 11.2B 12.4 18.7A 144B 16.6
VK (%) 2.3 2.7 2.5 1.7 1.4 1.2

**: % 1 diizeyinde dnemli

3.6. Mini SDS (Sodium Dodecyl Sulfate) Sedimantas-
yon

Makarnalik bugdaylar i¢in protein miktar1 yaninda
bu proteinlerin istenilen 6zellikte olmasi da 6nemli bir
kalite kriteridir (Edwards ve ark., 2007). Sedimantas-
yon degeri, bugday tanesindeki protein kalitesi hakkin-
da bilgi veren 6nemli bir kalite 6zelligidir. Sediman-
tasyon degeri protein igerigine gore genotipten daha
¢ok etkilenen bir ozelliktir (Peterson ve ark., 1992).
Sedimantasyon degeri bakimindan farkliliklar genotipe
bagli olmakla birlikte bu 6zellik tizerinde iklim faktor-
lerinin de etkisi bulunmaktadir (Atli ve ark., 1999).

Cevrelerin ayr1 ayr1 ve birlestirilmis varyans analizi
sonucuna gore, mini SDS sedimantasyon degeri baki-
mindan genotipler ve gevreler arasindaki farkin ¢ok
onemli (% 1 seviyesinde) oldugu tespit edilmistir (Tab-
lo 5).

Konya-Merkez’de mini SDS sedimantasyon degeri
12.0 ml (Kiziltan-91) ile 31.0 ml (18 nolu genotip)
arasinda, Konya Iceri Cumra’da ise 8.0 ml (2 nolu
genotip) ile 27.5 ml (Eminbey) arasinda degismistir.
Bu calismada iki ¢evrenin birlestirilmis ortalama de-
gerlerine gore mini SDS 10.3 ml (2 numarali hat) ile
26.8 ml (18 numarali hat) arasinda degismistir. Calis-
mada yer alan standart cesitlerden Eminbey (25.5 ml)
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hari¢ diger gesitler genel ortalamanin (16.6 ml) altinda
mini SDS degerine sahip olmusladir. 1, 3, 6, 11, 12 16
ve 18 numarali hatlar mini SDS degeri bakimindan
iimitvar genotipler olarak degerlendirilebilir. Iki gevre-
nin ortalama verim degerlerine bakildiginda (Tablo 5)
4, 7, 8 ve 19 numarali hatlar ile standart ¢esitlerden C-
1252 ve Kunduru-1149 ilk siralarda yer alirken, mini
SDS degeri bakimindan alt siralarda yer almislardir
(Tablo 5). Bu durum tane verimi ile birlikte kalitenin
de iyilestirilmesinin zorlugu hakkinda fikir vermekte-
dir. Makarnalik bugdayda Sedimantasyon degeri ile
ilgili yapilan ¢aligmalarda bu degerin 3.26 - 17.16 ml
(Kendal ve ark., 2011), 6.25 - 7.12 (Aydogan ve ark.,
2012), 13.0 ml-26.5 ml (Kilig, 2014) arasinda degistigi
tespit edilmistir.

3.7. Renk (b sarilik)Degeri

Renk (b sarilik rengi) makarna ve bulgur sanayinde
esas kalite 6l¢iisii olarak kabul edilmekte ve 1slah prog-
ramlarinda 6nemli bir seleksiyon kriteri olarak 6n plana
cikmaktadir (Kilig ve ark., 2012).

Tablo 6
Makarnalik bugday genotiplerinin Renk (b degeri)
degerine ait ortalama degeri

Genotip Renk (b) degeri
Konya I.Cumra Ortalama
** ** **

1 22.5h 21.3fg 21.91g
2 23.3fg 22.2cde 22.8de
3 19.9m 20.0h 20.0 ki
4 20.7 1 21.41g 21.1hi
KIZILTAN-91 23.9cd 22.0def 23.0d
6 22.7h 19.2j 20.9 hij
7 25.7a 22.7bcd 24.2a
8 219 19.8 hi 20.8 ij
9 23.5ef 22.3b-e 22.9d
C-1252 23.9cd 23.7a 23.8ab
11 249b 22.4b-e 23.6abc
12 21.0k 21.8efg 21.4gh
13 22.6h 21.2¢g 21.9fg
14 23.4f 2119 22.3 ef
EMINBEY 23.7 de 22.7bcd 23.2cd
16 24.2¢ 23.1ab 23.6 bc
17 22.21i 18.8 jk 20.5 jk
18 20.6 | 18.4 k 1951
19 21.0k 20.1h 20.6 ij

KUNDURU- 23.1¢g 22.8bc 22.9d

1149

Ortalama** 22.7A 21.4B 22.0

VK (%) 0.8 1.4 1.1
**; % 1 diizeyinde 6nemli

Farkli makarnalik bugday cesit ve hatlartyla iki
cevrede (Konya ve Iceri Cumra) yiiriitiilen ¢alismada
gevrelerin ayri ayri1 ve birlestirilmis varyans analiz
sonuglarma gore renk degeri bakimindan genotip ve
cevreler arasinda % | diizeyinde 6nemli farklarin oldu-
Su tespit edilmistir (Tablo 6). Konya-Merkez’de renk

degeri 19.9 (3 nolu genotip) ile 25.7 (7nolu genotip)
arasinda, Konya Iceri Cumra’da ise 18.4 (18 nolu ge-
notip) ile 23.7 (C-1252) arasinda degismistir. 20 ma-
karnalik bugday genotipi ile yiiriitiilen bu g¢alismada
Konya-Merkez’de b sarilik degeri ortalamasi 22.7
olurken, Igeri Cumra’da 21.4 olarak belirlenmistir.

Birlestirilmis varyans analiz sonucuna gore en yiik-
sek (b) renk degeri 7 numarali hattan (24.2), en diisiik
(b) renk degeri ise 18 numarali hattan (19.5) elde
edilmistir. Hatlardan 7 (24.2) ve 11 (23.6) numarali
genotipler ile C-1252 (23.8) en yiiksek renk degerine
sahip olmus istatistiki olarak ayni grupta yer almustir.
Bu genotipleri sirastyla Eminbey (23.2) ve Kiziltan-91
(23.0) gesitleri takip etmistir (Tablo 6).

Makarnalik bugdayda irmige sar1 rengi veren ka-
rotenoid grubu pigment miktarmnin fazla olmasi hem
tiiketici hem de makarna sanayicisi tarafindan arzu
edilir. Clinkii makarnanin parlak sar1 renkte olmasi
istenir. Makarnalik bugdaylarda pigment miktari, yiik-
sek bir kalitim derecesine sahip olmakla birlikte gevre
sartlarindan da etkilendigi bildirilmektedir (Borelli ve
ark., 1998). Manthey (2001) ise sart renk degeri i¢in
genotip etkisinin % 86.6, ¢evre etkisinin % 8.5 ve diger
faktorlerin etkisinin % 4.9 oldugunu, b sarilik rengi
degerine genotip etkisinin istiinliik gosterdigini, renk
degerinin yiiksek derecede kalitsal bir 6zellik olup
eklemeli gen etkisi ile kontrol edildigini bildirmistir.

20 adet makarnalik bugday genotipinin i¢inden sa-
dece 6 adet hatta genel ortalamanin iizerinde renk de-
gerleri tespit edilmistir. Ozellikle bu hatlar makarnalik
bugday islahinda (b) renk degeri yiiksek yeni cesit
gelistirilmesinde ebeveyn olarak kullanilabilir. Makar-
nalik bugdayda (b) renk degeri ile ilgili ¢aligmalara
bakildiginda renk degerinin 17.11-22.40 (Aydogan ve
ark., 2010) ve 17.6-26.1 (Kili¢ ve ark., 2012) arasinda
degistigi goriilmektedir.

Bitki boyu yiiksek olan 1, 8, 18 ve Kunduru-1149
¢esidinin tane verimi de yiiksek olmustur. 7 numarali
hat ise genel ortalamanin altinda bitki boyuna sahip
olmasina ragmen en yiiksek tane verimine sahip olmus-
tur. Iki gevrenin ortalamasina gore hatlardan sirasiyla 7
(367 kg/da), 8 (348 kg/da), 6 (346 kg/da), 1 (344 kg/da)
ve 18 (344 kg/da) numarali genotipler en yiiksek tane
verimine sahip olmuslardir. Cesitlerden Kunduru-1149
ve C-1252 gesitleri de istatistiki olarak bu hatlarla ayni
grupta yer almistir. Tane verimleri yiiksek olan hatlarin
genellikle protein oranlari diisiik olmus ve sadece 1
numaralt hat genel ortalamanin {izerinde protein orani-
na sahip oldugu belirlenmistir. iki ¢evrenin ortalamasi-
na gore protein oranlar1 en yiiksek bulunan 3, 12, 14 ve
16 numaral1 hatlarin tane verimleri genel ortalamanin
altinda bulunmustur. Bu durum verim ve kalite 6zellik-
lerinin ayni anda yiikseltilmesinin zorlugunu bir kez
daha ortaya koymus olmaktadir. Ancak bu g¢aligmada
kullanilan genotiplerden, 1 numarali hatta verim, hek-
tolitre ve renk (b sarilik) degeri, 6 numarali hatta ve-
rim, bin tane agirligi ve renk (b sarilik) degeri, 7 numa-
ral1 hatta verim ve renk (b sarilik) degeri, 18 numarali
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hatta verim, hektolitre ve mini SDS degerleri bakimin-
dan deneme ortalamasmin tiizerinde degerler tespit
edilmistir. Bu hatlar iimitvar hatlar olup, melezleme
calismalarinda ebeveyn olarak kullanilabilecegi gibi,
tescile ¢esit aday1 olarak da sunulabilecektir.

4. Tesekkiir

Zir. Yik. Mith. Musa Tiirkéz’iin Yiiksek Lisans
Tezinin &zetidir. Bu arastirmaya katkilarindan dolayi
Bahri Dagdas Uluslararasi Tarimsal Arastirma Enstitii-
st Miidirliigiine tesekkiir ederiz.
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grown in the field. The study, raised beds had a higher (P<0.01) mean fruit
weight (g fruit?) yield (kg plant™), fruit firmness (N), soluble solids content
(%), titratable acidity (%) and vitamin C (mg 100g™) content than flat planting.
The highest mean fruit weight (95.7 g fruit™), yield (5.6 kg plant™) and soluble
solids content SSC (8 %) were obtained from gable raised bed application. The
highest values for fruit firmness (17.2 N) titratable acidity (0.71 %) and
vitamin C (30.8 mg 100g™) content were obtained from standard raised bed
application. It was concluded that raised beds (standard and gable) could have
significant effects on the yield and quality parameters of tomatoes.

1. Giris

Sebzeler igerdikleri maddeler nedeniyle insan sagligini
koruyucu ve iyilestirici etkilere sahiptirler. Domates,
iretimi ve tiikketim aligkanligi yoniinde sebzeler ara-
sinda birinci sirada yer almaktadir. Domates meyvesi-
nin 6nemli bir kismi1 su olusturmasina ragmen, insan
beslenmesi i¢in dneme sahip karbonhidratlar, organik

* Sorumlu yazar email: haruno@omu.edu.tr

asitler, aminoasitler, vitaminler, pigmentler, fenolik
bilesikler ve cesitli mineral maddelerce zengindir.
Domates meyvesi ayrica zengin fenolik igerigi ve
yiiksek antioksidan aktivitesinden dolay1 bagisiklik
sisteminin giiclenmesine biiyiik katki saglamaktadir
(Toor ve ark. 2006; Kara ve Okyay, 2008; George ve

! Bu makale “Organik Domates (Solanum lycopersicum L.) Yetistiriciliginde Degisik Masura, Malg Tipi ve Organik Giibrelerin
Biiyiime, Gelisme, Verim ve Kalite Uzerine Etkileri” isimli Doktora tezinden 6zetlenmistir
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Sebze yetistiriciligi organik veya konvansiyonel
yontemlerle yapilabilmektedir. Asir1 azotlu giibre
kullanimi ile domatesin C vitamini ve SCKM igeriginin
azaldig1 bildirilmesine ragmen, genel olarak organik
sebze yetistiriciligi lizerine yapilan c¢alismalarda
konvansiyonel yetistiricilikten daha yiiksek seviyede
mineral, antioksidan, fenolik ve C vitamini igeriginin
tespit edildigi bildirilmistir (Toor ve ark. 2006; Unlii ve
Padem, 2009; Cakmak, 2011; Ozer, 2012; Queralt ve
ark. 2012; Riahi ve Hdider, 2013).

Tarimsal iretimde yogun kimyasal giibre kullanimi
sonucu topragm  dogal yapisi ve canliligi
bozulmaktadir. Toprak yapisinin yenilenmesinin en
uygun yolu topragin organik maddece
zenginlestirilmesidir. Organik maddenin topragin
fiziksel ve kimyasal 6zelliklerini diizeltici ¢ok Snemli
etkileri ~ vardir.  Topraga  organik  maddenin
kazandirilmast  ile  topraktaki =~ mikroorganizma
faaliyetleri artirilmaktadir. Bu faaliyetlerin baglamasi
ile bitki biiylimesi i¢in dnem arz eden ortamda bulunan
organik maddelerin ayrigmasi, besin maddelerinin
mineralizasyonu ve azot fiksasyonu olaylarinin artmasi
verim ve Kaliteyi artirmaktadir (Marschner ve ark.
2004; Bohme ve Bohme, 2006; Saha ve ark. 2008;
Tiizel ve ark. 2011; Zhang ve ark. 2012). Bitkilerin kok
bolgesi yogun mikrobiyal etkinligin oldugu bir
bolgedir ve bu bolgedeki bazi bakteriler kok bakterileri
olarak adlandirilir. Bu  bakterilerin  besinlerden
yararlanmayr  kolaylastirma, biiyiime hormonlari
tizerine olan etkileri, zararli mikroorganizmalarin
onlenmesi ve biyolojik kontrol gibi etkilere sahip
olduklar1 bilinmektedir (Larcher ve ark. 2000; Patten
ve Glick, 2000; Altin ve Bora, 2005; Orudzheva,
2012). Bu nedenle giiniimiizde 6zellikle organik sebze
yetistiriciliginde basariy1 artirmak i¢in  faydal
mikroorganizmalarin etkinligini artirici ¢alismalara
ihtiya¢ duyulmaktadir.

Ticari organik giibre kullanilarak mikrobiyal
biyokiitle miktarmin konvansiyonel yetistiricilige
oranla 6nemli derecede artig1 aktarilmaktadir (Okur ve
ark. 2007). Mikroorganizma faaliyetlerinin artirilmasi
organik madde miktarinin yaninda iyi bir toprak
islemeyle etkilenmektedir. Toprak isleme ile topragin
havalanabilir yapida olmasi 6nem arz etmektedir. Bu
yizden  topragin  Ozellikle  dikimden  sonra
gozeneklerinin su ile dolmamasi gerekmektedir. Sebze
yetistiriciliginde dikim yeri hazirliginda topragin
kabartilip yiikseltilerek drenajmmin saglanmasit ve
ozellikle yoneyinin ayarlanmasi ile toprak sicakligimin
artig1 bilinmektedir (Ozer, 2012). Masura sisteminde
yetistiricilik yapildiginda bitki koklerinin
yogunlugunun, agirlifinm  ve ¢aplarmin  arttigi
aktarilmigtir (Hossain ve ark. 2008).

Tim bu sebeplerden dolayr bu c¢aligma ile agikta
organik  olarak yapilan yetistiricilikte = masura
uygulanmasinin mikroorganizma faaliyetlerini
arttirarak, bitkilerin stres kosullarina kars1 direnglerine
katki sunabilecegi diisliniilmektedir. Bu amagla

ark. 2011; Sonmez ve Ellialtioglu, 2014).

calismada domatesin verim ve bazi kalite parametreleri
iizerine farkli dikim sistemlerinin etkisi arastirilmigtir.

2. Materyal ve Yoéntem

Calisma, 2009-2010 wyillar1 arasinda Ondokuz
Mayis Universitesi Ziraat Fakiiltesi Bahce Bitkileri
Boliimii (36° 12' dogu, 41° 22' kuzey enlem ve
boylamlari) arastirma uygulama alaninda agik arazide
yiriitilmistir. Bu arazi organik iretim yapilan
kontrollii bir alandir.

Calismada ortiialti sebzeciliginde yaygin olarak
yetistiriciligi yapilan Siimela F1 domates ¢esidi
kullanilmigtir. Tohum ekimi her iki yilda da 13-15
Nisan tarihlerinde, torf doldurulan viyollere (345
gozlii) yapilmistir. Cikistan sonra, ilk gercek yapraklar
goriilen fideler, 2:1 oraninda yannmis hayvan giibresi ve
bahce topragindan hazirlanan karisim doldurulmus
viyollere (7x5cm, 28 gozlii) sasirtilmistir.

Tirkiye’de celtik yetistiricilig§in  yogun oldugu
bolgelerde o6nemli bir attk maddesi olan c¢ektik
kavuzundan elde edilen kompost materyali ¢alismada
bitki besin elementi ve toprak diizenleyicisi olarak
kullanilmistir. Yetistiricilik dénemi boyunca bitkilere
ilave baska giibre uygulamasi yapilmamistir. Celtik
kavuzu kompostu yigin metoduna gore hazirlanmistir
(Inckel ve ark. 2005). Yign metoduna gore ilk
katmana 25 cm kalinliginda zor pargalanabilen celtik
kavuzu serilmistir. Tkinci katmana 25 cm kalmhgmda
kesilmis otlar yayllmustir. Ugiincii katmanda ise
mikroorganizma  faaliyetini  artirmak ve azot
fiksasyonunu  saglayabilmek amaciyla 10 cm
kalinliginda hayvan giibresi kullanilmigtir. Bu islem
dort kere tekrarlanmistir. Son olarak yiginin en iistiine
yine mikroorganizma faaliyetini arttrmak amaciyla 5
cm kalinliginda toprak serilmistir. Elde edilen yi1gin her
iki yilda yapilmis olup yaklasik 6 ay boyunca haftada
iki kere karistirilmustir. Ag¢ik arazide 1 metre eninde
hazirlanan masuralara celtik kavuzu kompostu bitki
besin elementi olarak 20 ¢cm toprak derinligine 9 kg m™
olarak karistirtlmistir. Celtik kavuzu kompostu atigiin
besin elementi igerigi Cizelge 1°de verilmistir.

Cizelge 1
Celtik kavuzu kompostu atiginin bazi besin elementi
igerikleri

Celtik kavuzu kompostu atig1

pH  (1:10) 8.47 K (ppm)  11103.21
EC (dSm') 21 P (ppm)  16385.47
N (%) 0.064 Ca (ppm) 40118.50

Mg  (ppm) 8468.55 Mn  (ppm) 936.35
Fe  (ppm) 13548.10 Zn  (ppm) 289.75
Cu  (ppm) 37.45

Arastirmada her iki yillda ve her uygulama
parselinde domates bitkilerinin ilk ¢igeklenme donemi
ve ¢aligmanin sonunda alinan toprak érneklerinde besin
elementleri, organik madde miktarlari, pH ve EC
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degerleri Kacar ve Inal (2008) e gore belirlenmistir
Cizelge 2
Il ciceklenme déneminde ve ¢alismanim sonunda alman (0-20 cm) toprak drneklerinin bitki besin elementi igerikleri

(Cizelge 2).

pH EC Ca Mg K P Organik madde Na,
(dSm?)  (meq100g?)  (meq100g?)  (meq 100g?) (ppm) (%) (meq 100g™%)
Yillar i1k ¢igeklenmede alinan toprak drnekleri
2009 7.76 1.43 35.79 11.96 11.82 100.45 5.99 0.56
2010 7.54 1.40 29.94 12.50 5.37 315.74 12.96 1.28
Calismanin sonunda alinan toprak 6rnekleri

2009 7.92 091 39.75 9.17 10.02 51.43 5.19 0.59
2010 7.61 0.86 33.13 11.36 4.38 188.61 8.24 1.00

Tesviye edilerek dikime hazirlanan 1m enindeki
standart masura, besik masura ve diize dikim
parsellerine (Sekil 1) 25 cm aralikli damlaticilt
damlama sulama borulari ¢ift sira dikime uygun sekilde
cekilmistir. Masuralarin {izerine siyah polietilen malg
materyali (1.30 m eninde, 0.03 mm kalinliginda)
topraga sikica temas edecek sekilde serilmistir. Dikim
yerleri; sira arast 45 cm, sira lizeri 50 cm ve genis
siralar arast 90 cm (2962 bitki/da) olacak sekilde
ayarlanmistir. Domates fidelerinin dikimi ilk yil
05.06.2009, ikinci y11 20.05.2010 tarihinde yapilmustir.
Calismada yiiritildiglii arazi 9 adet parsele (1 m
eninde - 13.8 m uzunlugunda) boliinmiistiir. Standart
masura, besik masura ve diize dikim parsellerinden
olusan her uygulama bloklara tesadiifii olarak
dagitilmistir.

Standart masura Besik masura Diize dikim

Sekil 1
Hazirlanan farkl dikim uygulamalarinin goriintimleri

Calismada sicaklik degerleri diizenli olarak (30
da/giin) veri kaydedicilerle (KT100, Kimo, France) °C
olarak Ol¢iilmiistiir. Ayrica dikimden itibaren toprak
sicaklik 6l¢iimleri (her masura tipinde) giinde ii¢ defa
(07.00, 12.00 ve 17.00) saplamali toprak termometresi
ile her uygulamada yapilmistir. Elde edilen veriler
giinliik ortalama olarak Cizelge 3’de verilmistir.

Cizelge 3
Toprak ve hava sicaklig1 (°C) degerleri
Toprak sicakligi (°C) Hava
Standart Besik Diize Sicaklif
masura masura  dikim (°C)
En diisiik 9.78 10.36 8.54 105
En yiiksek 30.98 31.38 28.40 25.9
Ortalama 21.49 22.46 20.19 162

Calisgmada meyve eti sertligi meyvenin ekvatoral
kismmin 2 farkli yanagindan olacak sekilde meyve
kabugu kaldirilmis daha sonra 7.9 mm’lik uca sahip el
penetrometresi (4301, Instron, Massachusetts, USA)
vasitasiyla Ol¢iim yapilarak, meyveyi delmek igin
gereken kuvvet Newton (N) cinsinden ifade edilmistir
(Unlii ve ark. 2011).

Suda ¢oziiniir kuru madde miktar1 (SCKM) her bir
uygulamaya ait her bir tekerriirde meyveden aliman
dilimler elektrikli karigtirict ile parcalandiktan sonra
elde edilen meyve suyu tiilbentten gegirilmistir. Meyve
suyu  Orneginden  yeterince  almarak,  dijital
refraktometrede (ATC-1, Atago, Japan) okumalar
yapilmig ve degerler % olarak ifade edilmistir. Titre
edilebilir asitlik degerleri elde edilen meyve suyu
orneginden alinan 10 mL’lik &rnekler ile belirlenmistir.
Bu ornek 10 mL saf su ile seyreltildikten sonra pH 8.1
degerine ulagana kadar 0.1 mol L™ sodyum hidroksit
(NaOH) ile titre edilmistir. Sonug¢ olarak titrasyonda
harcanan NaOH miktar1 esas almarak sitrik asit
cinsinden (g sitrik asit 100 mL™) ifade edilmistir.

C vitamini degerleri 5 gram meyve 6rnegi 50 mL
saf su icerisinde homojen hale getirilecek ve
orneklerden 10 mL alinarak 4000 devirde 5 dakika
santriflij edilmistir. Daha sonra iistte kalan siipernant
kismidan analizlerin yapilmasi i¢in 6rnek almmustir.
Hazirlanan bu ekstrattan 100 pL alinip, izerine 400 pL
% 0.4’liik okzalik asit eklenerek ve bunun iizerine de
4.5 mL (30 ppm) 2.6-diklorofenolindofenol ¢ozeltisi
eklenmistir. Karisim vortekslenip hemen 520 nm dalga
boyunda spektrofotometrede okumalar yapilmistir
(Kilig ve ark. 1991).

Ayrica, calismada ilk hasattan son hasat tarihine
kadar hasat edilen meyvelerin agirhgi 0.1 g’a duyarlt
terazi ile tartilmistir. Elde edilen meyve agirliklarin
ortalamalar1 alinarak ortalama meyve agirligi g olarak
belirlenmigtir. Hasat edilen meyvelerin agirliklart
toplanarak bitki basma verim kg olarak hesaplanmistir.

Aragtirma, 3 tekerriirlii her tekerriirde 9 bitki olacak
sekilde tesadiif bloklar1 deneme desenine gore
kurulmustur. Calisma sonucunda elde edilen verilerin
degerlendirilmesinde Microsoft Excel 2010 paket
programi ve SPSS 17.0 istatistik analiz programi
kullanilmigtir. Elde edilen ortalamalar arasindaki
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farkliliklar Duncan (P<0.01) ¢oklu karsilastirma
testiyle Dbelirlenmistir. Yillar arasinda 6nemli bir
istatistiksel fark tespit edilmediginden yillar (2009-
2010) birlestirilerek verilmistir.

3. Arastirma Sonuglar ve Tartisma
3.1. Meyve eti sertligi

Calismada domates meyve eti sertligi 12.3 ile 17.2
N arasinda (Sekil 2) degismekle birlikte en yiiksek
meyve eti sertligi (17.2 N) standart masura
uygulamasinda olgiiliirken en diisiik meyve eti sertligi
degerleri 12.3 N ile diize dikim uygulamasindan elde
edilmistir.

18
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Standart masura Besik masura Diize dikim

Uygulamalar

Sekil 2

Farkli dikim sistemleri (standart masura, besik masura
ve diize dikim) uygulamalarinin meyve eti sertligi (N)
tizerine etkisi (P<0.01)

Meyve eti sertligi diize dikim uygulamasi ile
azaldig1 belirlenmistir. Masura sitemi ile bitkilerin bitki
koklerinin yogunlugunun, agirhgmin ve c¢aplarinin
arttigr bilinmektedir (Hossain ve ark. 2008). Domates
yetistiriciliinde topragin su tutma kapasitesinin
artmasi meyve eti sertligini azalttig1 aktarilmustir (Unlii
ve Padem, 2009). Calismada masura sistemi ile fazla
suyun drenaji ile dengeli bir toprak nemi saglandig
distiniilmektedir. Diize dikim ile kok bolgesinde
gozeneklerin su ile dolmasi toprak sicakligini
azalmistir (Cizelge 3). Bu sebeple kok gelisimini
olumsuz etkilendigi disiiniilmektedir. Ayrica, bulgular
toprak su iceriginin yiiksek olmasi ile meyve eti
sertliginin azalis gosterdigi c¢alismalarla benzerlik
gostermektedir.

3.2. Suda ¢oziinebilir kuru madde, titre edilebilir asitlik
ve C vitamini

Farkli masura tiplerinin (standart ve besik) ve diize
dikim uygulamalarinin SCKM (%), titre edilebilir asit
(%) ve C vitamini (mg 100 g) iizerine Gnemli
etkilerinin oldugu belirlenmistir (Sekil 3). En yiiksek
suda ¢ozlinebilir kuru madde igerigi % 8 ile besik
masura uygulamalarinda 6lgiiliirken en diisiik SCKM
degeri (% 3.7) diize dikim uygulamasindan
belirlenmistir. Unlii ve Padem (2009) domateste suda
¢oziinebilir kuru madde igeriklerinin % 3.52 ile 4.18
arasinda degistigini aktarmistir. Bizim buldugumuz

veriler bu degerlerin istiinde degerlere ulasmustir.
Masura sistemi ile masurada yetistirilen bitkilerin
enzim aktivitelerinin diize dikim uygulamalarma gore
% 16 arttigi aktarilmaktadir (Zhang ve ark. 2012).
Artan enzim aktivitesinin suda ¢Oziinebilir kuru
maddeyi 6nemli derecede arttirabilecegi
ongoriilmektedir.

En yiiksek titre edilebilir asitlik degerleri % 0.71 ile
standart masura uygulamalarinda olgiiliirken en diisiik
titre edilebilir asitlik degeri (% 0.37) diize dikim
uygulamasindan belirlenmistir. Unlii ve Padem (2009)
organik olarak yetistirilen domates meyvelerinde titre
edilebilir asitlik % 0.232 ile 0.428 arasinda degisim
gostermigtir.  Farklt ¢alismalarda domatesin titre
edilebilir asitlik degerlerini 0.33-0.58 g 100mI™*
degerleri arasinda tespit ettiklerini belirtmiglerdir
(Thybo ve ark. 2006; Toor ve ark. 2006). Bu
calismadaki  elde  ettigimiz  sonuglar  ¢esitli
aragtirmacilarin yapmis oldugu g¢alismalarla paralellik
gostermektedir.
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Sekil 3

Farkli dikim sistemleri (standart masura, besik masura
ve diize dikim) uygulamalarinin suda ¢oziinebilir kuru
madde (%), titre edilebilir asit (%) ve C vitamini (mg
100g™) iizerine etkisi (P<0.01).

Domates C vitamin igeriginin 15-23 mg 100 g*
degerleri arasinda degistigi bildirilmektedir (Kara ve
Okyay, 2008; Unlii ve Padem, 2009). Yapilan analizler
sonucunda masura tiplerinin (standart ve besik) C
vitamini (mg 100 g™) igerigini Gnemli (P<0.01)
derecede arttirdigi ve bu artis sonucunda domates C
vitaminin degerlerinin ise 25.4 - 30.8 mg 100 g
arasinda degistigi  belirlenmistir. En yiiksek C
vitaminin degeri ise standart masura uygulamasindan
elde edilmistir (Sekil 3).

Toprak potasyum ve magnezyum igeriginin C
vitaminin igerigini arttirdigi bildirilmektedir. Fakat
asir1 azotlu gilibrelemenin C vitamini icerigini énemli
derecede azalttigi bilinmektedir (Ercan, 2002).
Bitkilerin topraktan bitki besin elementlerinin alimi ile
kok cevresindeki enzim aktivitesi artis yakindan
iligkilidir. Bu artis mineralizasyonu onemli derecede
arttirarak  bitkilerinin  besin  elementi  alimim
hizlandirmaktadir (Johnson ve ark. 2005; Zhang ve ark.
2012). Onceki calismalarda da toprak bakteri sayisi ile
organik N ve P mineralizasyonunun &nemli derecede
arttirildign tespit edilmistir (Tabatabai ve ark. 1969;
Saviozzi ve ark. 2012).

3.3. Ortalama meyve agirligi (g) ve verim (kg bitki™)

Ortalama meyve agirhg (g) ve verim (kg bitki™)
masura sisteminde diize dikimle karsilastirildiginda
onemli derecede artmistir (P<0.01). En yiiksek
ortalama meyve agirhigi (95.7 g) ve verim (5.6 kg bitki-
) besik masura uygulamasmdan elde edilirken, en
diisiik ortalama meyve agilig1 (84.3 g) ve verim (1.27
kg bitki™®) degeri ise diize dikim uygulamasinda elde
edilmistir. Diize dikime gdre verim besik masurada 4.5
kat standart masurada 2.7 kat artmustir (Sekil 4).
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Farkli dikim sistemleri (standart masura, besik masura
ve diize dikim) uygulamalarinin ortalama meyve
agirhigi (g) ve verim (kg bitki™) iizerine etkisi (P<0.01)

Calismada, en yiiksek toprak sicakligi besik masura
uygulamasinda tespit edilmistir (Cizelge 3). Diize
dikim uygulamalar ile toprak su igeriginin arttigi,
masura sisteminin ise toprak sicakligi ve toprak
solunumunu artirdigt belirtilmistir. Diize dikim ile
toprak su igeriginin artmasinin ise toprak faydal
bakteri iceriginin (acinomisetler) azalttig1 ancak mantar
olusumunun arttig1 bildirilmektedir. Toprak
mikroorganizma miktarmin artmasinin azot fiksasyonu
ve mineralizasyon ile enzim aktivitesini artarak,
masura sisteminde verim diize dikime gore Onemli
derecede arttig1 bildirmistir (Zhang ve ark. 2012). Elde
ettigimiz bulgular caligmamizda da toprak bakteri
iceriginin artmasindan dolayr verimin 6nemli derecede
arttig1 diistiniilmektedir.

4. Sonug ve Oneriler

Toprak hazirlig1 sebze yetistiriciliinde O6nemli
konulardan  bir tanesidir. Basarili  bir sebze
yetistiriciliginde toprak sicakliginin artirilmasi dengeli
bir toprak nemine baglidir. Topraktaki fazla nemin
azaltilmast  toprak sicakligint  artirarak  faydali
mikroorganizma faaliyetlerini artirabilmektedir. Bu
nedenle oOzellikle nemli bolgelerde masurada sebze
yetistiriciliginin  6nemli  avantajlar1  vardir. Bu
avantajlar bu ¢alismayla ortaya konmustur. Farkli
masura sistemleri ile yetistiricilik diize dikime gore
verim ve kalite yoniinden ¢ok Onemli avantajlar
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saglamistir (P<0.01). Ancak, elde edilen bulgularin tam
bir netlik kazanmasi i¢in yapilacak ¢aligmalarda toprak
mikrobiyal biokiitle (biomass) 6l¢timleri ile topraktaki
degisimin belirlenmesi 6nem arz etmektedir.

Ozellikle faydali mikroorganizmalarmn, zararli
mikroorganizmalar {izerine etkisi de (biyolojik kontrol)
belirlenmelidir. Ayrica, farkli masura tiplerinde toprak
besin elementlerinin degisiminin tespiti bu etkiyi daha
da ortaya koyacaktir.
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GAP Tarimsal Arastirma Enstitlisti Miidiirliigii’'nce 2007-2013 yillar1 arasinda
ekim zamani, sulama ve giibre dozu ¢alismalarina ait 3 adet aspir projesi Sanli-
urfa kosullarinda sonuglandirilnus ve yayim faaliyetleri gergeklestirilmistir.
Yiiriitiilen projelerde, bolge kosullarinda yetistirilen aspir bitkisinde en uygun
ekim zamani, sulamanin verim tizerine etkileri ve uygun giibre (azot, fosfor)
dozlarinin belirlenmesi amaglanmigtir. Ekim zamani ¢alismasinda; en yiiksek
verim 426 kg/da ile 30 Ekim tarihinden, en diisiik verim 98 kg/da ile 5
Nisan tarihinden alinmisgtir(Hatipoglu ve ark., 2012). Sulama g¢aligmasinda;
kislik aspir ekimlerinde verimler arasinda istatistiksel anlamda farkliliklar elde
edilmemis, yazlik aspir ekimlerinde verim agisindan S8 (Sapa kalkma done-
minde 1 su + Cigeklenme 6ncesi 1 su + tohum baglama devresinde 1 su) konu-
su, kisitli sulama kosullarinda S9 (S8 konusuna uygulanan su miktarinin
%50’si) konusu o6nerilmistir(Nacar ve ark., 2015). Giibre dozu ¢aligmasinda;
Talat Demirdren Arastirma Istasyonu’nda optimum verim igin 7.6 kg/da N ve
6.2 kg/da P,05 giibre dozlari, Tathca Arastirma Istasyonu’nda optimum verim
icin 5.4 kg/da N ve 3.9 kg/da P,0s giibre dozlarimin uygulanmas: gerektigi
tespit edilmistir(Saragoglu ve ark., 2016).
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3 projects in the subjects of sowing time, irrigation and fertilizer doses were
carried out and extension activities finalized by the GAP Agricultural Research
Institute Directorate between 2007-2013 years under Sanliurfa conditions. In
the projects, it was aimed to determine the appropriate planting time and ferti-
lizer doses (nitrogen, phosphorus) and irrigation effects on yield for the saf-
flower plant grown under region conditions. In the planting time study; the
highest seed yield was reported from the October 30 with 4260 kg ha™ and the
lowest yield from the April 5 with 980 kg ha™(Hatipoglu et al., 2012). In the
irrigation study; the differences were not found statistically between the yields
of winter safflower seed, at the summer safflower the planting S8 subject(stem
elongation period 1 water + before flowering 1 water + seed formation phase 1
water), in limited irrigation conditions the S9 subject (50% of the amount of
applied water to S8) proposed(Nacar et al., 2015). In the fertilizer dose study; it
was concluded that the fertilizer doses of 7.6 kg/da N and 6.2 kg/da P,0s should
be applied for optimum yield under the Talat Demiréren Research Station
conditions, the fertilizer doses of 5.4 kg/da N and 3.9 kg/da P,0s should be
applied for optimum yield under the Tatlica Research Station condi-
tions(Saracoglu et al., 2016).
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1. Giris

Aspir bitkisi ilk gelisme devresinde yavas, sapa
kalkma dénemi ile hizla biiyliyen bir bitkidir. Kurak
kosullara dayanikli aspir bitkisi, genellikle 80-100 cm
arasinda boylanabilen, dikenli ve dikensiz formlari
olan, dikenli formlar1 dikensizlere gére daha fazla yag
igeren, sar1, beyaz, krem, kirmizi ve turuncu gibi degi-
sik renklerde ¢igeklere sahiptir. Bitki ¢igek olusumun-
dan 35-40 giin sonra hasat olgunluguna ulagmaktadir.
Tohumlari, beyaz, kahverengi ve iizerinde koyu ¢izgi-
ler bulunan beyaz taneler seklinde olan, dallanan ve her
dalin ucunda igerisinde tohumlart bulunan kiigiik tabla-
lar olusturan, renkli ¢igekleri gida ve kumag boyasinda
kullanilan, yaklasik 2.5-3.0 m derinlere gidebilen kazik
kok sistemine sahiptir. Tohumlarinda % 30-45 arasinda
yag bulunan, yagi yemeklik olarak ¢ok kaliteli olan,
biyodizel olarak kullanilan, kiispesi hayvan yemi ola-
rak kullanilabilen, kuraklifa dayanikli, yazlik karakter-
de ve ortalama 110-140 giin arasinda yetisebilen tek
yillik bir uzun giin yag bitkisidir.

Aspir bitkisinin 6nemine bakildiginda:

* Yag alindiktan sonra geriye kalan kiispe,
icerdigi % 25’¢ varan ham protein oraniyla
(ortalama % 22-24) hayvancilikta iyi bir yem
kaynagidir.

= Degisik renklerde olan cicekleri (beyaz, sari,
kirmizi, turuncu vs.) bal arilari i¢in cezbedici
olup, bal iireticileri i¢in ideal bir bitkidir.

= Aspir kazik kokleri ile topragin havalanmasini
saglamakta, hububat ve aygigegi icin iyi bir
miinavebe olusturmaktadir.

= Aspir yagi ¢abuk kuruyan yaglardan oldugun-
dan o6zellikle boya sanayinde kullanilmaktadir.

= Arastrmalar aspir ¢iceklerinin antioksidan
maddeler icerdigi ve ¢ay yapiminda sar1 ¢gigek-
lerin kullanilmasinin daha yararl olacagini or-
taya koymustur.

»  QOgzellikle dikensiz tipleri kesme cicekgilikte
kullanilabilmektedir.

* Yaginda yiiksek oranda doymamis yag asitleri
(% 78 linoleik asit) ve E vitamini icermesi ne-
deniyle insan beslenmesindeki 6nemi her ge-
¢en giin artmaktadir.

* Biyodizel yakit iiretiminde kullanilan bir {iriin
olarak siralanmaktadir.

Aspir, son yillarda giderek artan 6neme sahip bir
yag bitkisidir. Diinya’da 2013 yil1 verilerine gore; aspir
ekim alan1 782 641 ha, tiretim 647 374 ton ve tohum
verimi 94 kg/da olarak gergeklesmistir(Anonim, 2013).
Ulkemizde 2015 yil1 verilerine gére; aspir ekim alan
43 107 ha, tretim 70 000 ton ve tohum verimi 164
kg/da’dir. Glineydogu Anadolu Bolgesi’nin aspir ekim
alani ise 1033 ha, tretimi 749 ton ve tohum verimi 89
kag/da’dir(Anonim, 2015).

Giiney Dogu Anadolu Bolgesi’nde yapilacak aspir
yetistiriciliginde bilinmesi gereken énemli noktalar ve
almmasi gereken 6nlemler asagida 6zetlenmistir.

= Bolgede kislik ve yazlik aspir yetistiriciliginde
hasatlarin Temmuz aymin ortasina sarkmasi
nedeniyle II.  Uriin yetistiriciligi firsat
bulmamakta ve dolayistyla sulu tarim yapan
ciftgileri aspir tarimindan uzaklastirmaktadir.

= Yapilacak olan yayim, destekleme ve
demonstrasyon faaliyetleri ile gerek bolgede
gerekse ilkede yagli tohumlu bitkilerin
tarimmin yayginlastirilmas: imkan bulacaktir.

» I Uriine firsat veren erkenci aspir hatlarmin
gelistirilerek tescil edilmesi faydali olacaktir.

= Aspir hasadinin tahil hasadindan sonraya
kalmasi nedeniyle bicerdoverler ¢ogunlukla
bagka bolgelerde faaliyet gdstermekte ve
dolayisiyla kiigiik olgekli isletmelerde hasatla
ilgili sorunlara sebep olabilmektedir.

* Uriiniin alm garantisinin daha kapsamli ve
iireticilere giiven veren bir model ile
saglanmasi  Uretimi  tesvik  edebilecegi
distiniilmektedir.

= Aspir sanayisinin gelismesi i¢in girisimcilere
kapsamli tegviklerin saglanmasi ile aspir
tariminin yayginlasacagi tahmin edilmektedir.

Birim alandan optimum iiriin alinmasi igin yetistir-
me teknikleri (Ekim zamani, sira arasi ve lizeri mesafe,
giibreleme, sulama ve hasat-harman vb.) konularinda
gerekli caligmalarin yapilmasi énemlidir. Gida, Tarim
ve Hayvancilik Bakanligina bagli Tarimsal Arastirma-
lar ve Politikalar Genel Miidiirliigii biinyesinde faaliyet
gosteren Arastirma Enstitiileri/Istasyonlar1 bu konuda
tizerlerine diisen gorevleri yerine getirmeye g¢aligmak-
tadir. GAP Tarimsal Arastirma Enstitiisii de aspir tari-
minin Giineydogu Anadolu Bolgesi’nde yayginlasti-
rilmasi i¢in gerekli calismalar (EKim zamani, sulama
ve giibreleme ¢alismalar1 ile demonstrasyonlar) yiirii-
tilmiis ve mevcut yaymmimiza konu olmustur.
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Cizelge 1. Talat Demirdren Deneme Yillar1 ve Uzun Yillar Ortalamasma iliskin Iklim Degerleri

Y1l.Ort.

Yillar Kasim Aralik Ocak Subat Mart Nisan Mayis Haziran
2007 12.0 6.1 - - - - - -
S 2008 13.3 6.3 2.7 6.8 14.6 19.9 21.8 29.5
< 2009 12.0 9.4 75 95 13.9 17.8 36.8 29.2
= 2010 15.3 105 6.9 7.7 11.9 16.2 21.7 28.8
% 2011 8.7 5.8 55 6.0 11.8 18.7 22.1 29.8
g 2012 14.8 8.2 5.2 5.7 9.7 19.2 22.5 30.7
g 2013 14.6 8.6 6.5 9.2 12.9 18.3 23.3 29.2
Uzun 12.7 75 5.7 7.0 11.0 16.2 22.3 28.2
Y1l.Ort.
2007 27.0 17.0 - - - - - -
o 2008 25.9 20.2 14.2 19.2 30.4 37.6 36.8 432
g 2009 27.0 17.0 14.2 19.2 30.4 37.6 8.2 432
é 2010 25.9 20.2 16.0 18.0 23.2 29.5 39.5 42.0
G 2011 24.8 18.8 11.8 14.4 20.8 25.3 31.6 36.5
g 2012 26.9 18.3 14.8 16.2 21.3 32.6 33.2 422
< 2013 27.0 16.9 16.4 195 24.9 34.3 36.4 415
= Uzun 29.4 26.0 21.6 22.7 29.5 36.4 400 440
Y1l.Ort.
2007 2.8 5.0 - - - - - -
%) 2008 3.2 5.0 -9.0 42 1.2 3.0 8.2 14.1
ig 2009 28 5.0 9.0 4.2 1.2 3.0 24.2 14.1
3 2010 3.2 -5.0 71 17 -1.0 5.0 9.0 16.0
2 2011 0.0 0.9 3.6 5.4 7.6 10.3 15.6 20.4
g 2012 7.1 17 4.3 -1.9 -1.7 6.6 13.0 176
3‘25 2013 5.9 25 -3.0 2.9 0.8 7.9 11.7 17.3
Uzun 27 -6.4 -8.0 9.6 7.3 3.2 6.0 10.0
Y1l.Ort.
2007 20.4 28.4 - - - - - -
2008 21.6 30.6 39.8 23.0 11.3 0.5 41.9 0.0
_ 2009 14.7 77.9 45.6 35.5 13.3 13.3 2.0 0.3
£ 2010 0.0 34.4 473 34.1 7.2 78.6 18.7 2.2
;"E 2011 57.6 38.2 101.3 63.3 7.3 10.1 13.8 0.3
<
> 2012 68.4 142.8 170.9 95.8 35.8 23.3 423 5.8
2013 19.5 76.7 86.8 107.2 12.1 18.0 56.2 0.0
Uzun 46.7 78.4 85.8 70.9 63.8 472 28.4 3.7
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Cizelge 2. Tatlica Deneme Yillar1 ve Uzun Yillar Ortalamasma Iliskin Iklim Degerleri

Yillar Kasim Aralik Ocak Subat Mart Nisan Mayis Haziran
S 2009 12.0 95 5.6 8.9 105 17.3 237 304
ot 2010 15.3 10.1 76 9.6 13.9 17.8 242 292
3 2011 8.6 5.9 6.8 77 118 16.1 218 286
‘g 2012 143 8.2 5.6 5.8 0.0 18.9 221 30.3
= 2013 14.2 5.1 0.0 95 11.9 17.9 234 29.1
S U.YilOrt | 12.0 7.1 5.6 72 11.2 165 225 284
o 2009 248 18.8 16.0 18.0 232 295 395 420
EE 2010 29.7 28.1 17.8 21.0 271 306 372 420
S 2011 21.3 15.8 15.3 19.7 265 31.0 353 39.0
g 2012 28.1 18.9 13.6 17.6 230 33.9 344 438
-_% 2013 27.2 18.8 16.2 20.4 27.0 353 38.9 432
%
s U.Y1lOrt | 31.0 28.1 20.2 25.0 30.4 376 407 442
o 2009 0.0 0.9 71 17 -1.0 5.0 9.0 16.0
= 2010 3.8 0.0 4.0 2.8 0.9 41 10.2 16.8
E 2011 36 438 2.8 -5.0 -16 32 95 17.0
E 2012 2.8 23 46 38 0.0 5.1 111 13.0
g 2013 4.6 -6.1 4.7 05 -0.5 6.5 10.7 163
= U.Y1lOrt | -5.8 -15.1 9.8 -12.0 93 -3.0 35 6.7

2009 35.1 62.9 11.9 467 493 144 33 1.0
— 2010 0.0 26.8 36.0 12,6 235 36 57 06
E 2011 55.2 29.3 316 9.1 12.3 424 412 34
) 2012 87.0 55.2 87.0 306 184 136 10.8 0.0
~ 2013 19.2 37.8 24.0 450 146 9.2 434 -0.2

UYilort | 281 445 46.7 405 397 2538 18.7 13

2. Yiiriitiillen Aspir Projeleri
2.1. Aspir Ekim Zamam Calismalari (2007-2010)
2.1.1. Materyal

Aragtirmada materyal olarak Gegit Kusagi Tarimsal
Arastirma Enstitiisii tarafindan tescil edilen Dinger ve
Remzibey-05 ¢esitleri kullanilmigtir. Tarla denemeleri,
2007-2010 yetistirme sezonlarinda, Sanliurfa'ya 35 km
uzakliktaki GAP Tarimsal Arastirma Enstitiisii Talat
Demirdren Arastirma Istasyonunda yiiriitiilmiistiir.

Arastirma bolgede genis alan iceren Harran toprak
serisinde yiriitilmigtir. Bu seri topraklari, Harran
Ovasint dogu, bati ve kuzeyden gevreleyen Tektek,
Fatik ve Urfa Daglarindan gelen ¢amur akintilarindan
olusmus, aliiviyal ana materyalli, diiz ve diize yakin
egimli, derin topraklardir. Tipik kirmiz1 profilleri killi
biinyelidir. Tim profil ¢ok kireglidir ve asagilara dogru
artan yogunlukta kire¢ ceplerini icermektedir. A,B,C
horizonlu topraklar olup, pH 7.3 ile 7.8 arasinda, orga-

nik madde igerigi diisiik, katyon degisim kapasitesi kil
icerigine bagli olarak alt katmanlara dogru artmakta-
dir(Ding ve ark.1988).

Denemede, dekara saf olarak 4 kg N(azot) ve 4 kg
P(fosfor) verilmistir. Deneme yagisa bagl olarak yiirii-
tiilmiis olup, sulama yapilmamustir. Arastirma istasyon-
larinda yiiriitiilen tiim aspir projelerine ait iklim verileri
Cizelge 1 ve 2'de verilmistir(Anonim, 2014).

2.1.2 Metot

Tarla denemeleri, 2007-2010 yetistirme sezonlarin-
da tesadif bloklar1 boliinmiis parseller deneme deseni-
ne gore 4 tekrarlamali olarak kurulmus olup, ekim
zamanlar1 ana parsellere (30 Ekim, 15 Kasim, 30 Ka-
sim, 15 Aralik, 20 Subat, 7 Mart, 22 Mart ve 5 Nisan),
cesitler ise alt parsellere (Remzibey—05, Dinger) yerles-
tirilmistir. Ekimler sira arast mesafe 20 cm olacak
sekilde deneme mibzeriyle gerceklesmistir. Denemede,
her alt parsel 6 m uzunlugunda 6 siradan olugmustur.
Hasat ve gozlemler parsellerde ortadaki 4 sirada, sira
basindan ve sonundan 50’er cm kenar tesiri birakilarak
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geriye kalan alan {izerinden yapilmistir. Hasatlar ekim
tarihlerine bagh olarak; 2008 yili igin temmuzun ilk
haftasi, 2009 yili ig¢in temmuzun son haftasi, 2010 yili
i¢in temmuzun ortasinda gergeklesmistir. Elde edilen
veriler JUMP istatistik paket programindan faydalani-

larak varyans analizine tabi tutulmus, konular arasmda
gruplandirma LSD’ye (Least Significant Difference)
gore yapilmistir.

Cizelge 3. Ekim zamanlarina ait tohum verimi degerleri ve olugan gruplar

Tohum Verimi (kg/da)
Ekim Zamam
2007-2008** 2008-2009** 2009-2010** Ortalama**

30 Ekim 507 a 398 a 374 a 426 a
15 Kasim 347 b 370 a 327 b 348 b
30 Kasim 334 b 331 b 309 b 325 c
15 Aralik 302 b 329 b 280 c 304 c
20 Subat 243 c 291 c 157 d 230 d

7 Mart 168 d 197 d 111 e 159 e
22 Mart 127 de 155 97 ef 126 f
5 Nisan 102 e 108 f 82 f 98 g

LSD 56.57 33.05 18.47 21.80
CV(%) 9.35 8 4.53 7.91

**: gruplar arasmdaki fark % 1 6nem seviyesine gére onemli

2.1.3. Tartisma ve Sonug

Ug yillik ortalamalara gore; ekim zamanlari arasin-
da bitki boyu, yan dal sayisi, tabla sayisi, tabla capi,
bin tane agirlig1 ve tohum verimi arasindaki farkliliklar
onemli (p<0.01) ¢ikmistir. Cizelge 3 incelendiginde ii¢
yillik ortalamalara gore; cesitler arasindaki farkliliklar
incelenen tiim bitkisel ozelliklerde 6nemli (p<0.01)
cikmistir. Arastirmada, en yiiksek verim 426 kg/da ile
30 Ekim tarihindeki I. Ekim zamanindan alinirken, en
diisiik verim ise, 98 kg/da ile 5 Nisan tarihindeki VIII.
Ekim zamanindan elde edilmistir. Ug yillik ortalamala-
ra gore en yiiksek verim, 30 Ekim tarihinden 447 kg/da
ile Remzibey-05 cesidinden almirken, en diisiik verim
5 Nisan tarihinden 95 kg/da ile Dinger cesidinden elde
edilmistir. Sonug¢ olarak; Sanliurfa kosullarinda aspir
bitkisi, kislik olarak Ekim ay1 sonu ile Kasim ayinin ilk
yarisinda ekildiginde en yiiksek verim elde edilmekte-
dir. Aspir’de ekim zamani geciktikge, bitki boyu, yan
dal sayisi, tabla sayisi, tabla ¢api, bin tane agirlig: ile
tohum verimlerinin azaldigini belirten Kizil ve Sakar
(1997), Oztirk ve ark. (1999), Oztirk ve ark.
(2000)’nmn bulgular1 ile bu arastirmada elde edilen
bulgular paralellik arz etmektedir.

2.2 Harran Ovasi Kosullarinda Aspir Bitkisinde
Sulamanin Verim ve Yag Kalitesi Uzerine Etki-
leri (2009-2012)

2.2.1. Materyal

Denemede, Remzibey-05 aspir ¢esidi bitki materya-
li olarak kullanilmistir. Aragtirma, Harran Ovasinda

bulunan GAP Tarimsal Arastirma Enstitiisii Talat De-
mirdren Arastirma Istasyonlarinda yiirtitiilmistiir.

Talat Demirdren Arastirma Istasyonu: Arastirma
bolgede genis alan igceren Harran toprak serisinde yiirii-
tiilmiistiir. Bu seri topraklari, Harran Ovasini dogu, bati
ve kuzeyden cevreleyen Tektek, Fatik ve Urfa Dagla-
rindan gelen ¢amur akintilarindan olusmus, aliiviyal
ana materyalli, diiz ve diize yakin egimli, derin toprak-
lardir. Tipik kirmizi profilleri killi biinyelidir. Tiim
profil ¢ok kireglidir. A,B,C horizonlu topraklar olup,
pH 7.3 ile 7.8 arasinda, organik madde igerigi diisiik,
katyon degisim kapasitesi kil igerigine bagli olarak alt
katmanlara dogru artmaktadir(Ding ve ark.1988).

2.2.2. Metot

Deneme tesadiif bloklar1 deneme deseninde 3 tek-
rarlamali olarak kislik ve yazlik olmak {lizere 2 ayri
deneme seklinde yiirtitiilmiistiir. Kislik ekimler kasim
aymin ilk haftasinda, yazlik ekimler ise mart aymnin ilk
haftasinda ve ekim derinligi 4-5 cm olacak sekilde
gerceklestirilmistir. Dekara saf olarak 5 kg azot ve 5
kg/da fosfor giibresi tek seferde ekimle beraber tabana
uygulanmustir.

Parsel Glgiileri: ekimde 21.6 m? (2.4 m x 9 m) ha-
satta ise 16 m? (2 m x8 m) olarak ayarlanmistir. Dene-
me sira arast mesafe 20 cm, sira iizeri mesafe 8-10 cm
olacak sekilde yiiriitiilmiistiir. Deneme parselleri ile
bloklar arasinda 3 m genisliginde tampon alanlar bira-
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kilmistir. Yanlardan 60’ar cm, parsel bas ve sonlarin-
dan 1’er m kenar tesiri olarak kabul edilmis, hesapla-
maya dahil edilmemistir.

Arastirmada bitkinin farkli gelisim dénemlerine go-
re sulama uygulama konular1: S1 - Susuz, S2 - Sapa

kalkma déneminde 1 su, S3 - Ci¢eklenme oncesi 1 su,
S4 - Tohum baglama devresinde 1 su, S5 - Sapa kalk-
ma doneminde 1 su + Cigeklenme 6ncesi 1 su, S6 -
Sapa kalkma déneminde 1 su + tohum baglama devre-
sinde 1 su, S7 - Cigeklenme oncesi 1 su + tohum bag-
lama devresinde 1 su, S8 - Sapa kalkma déneminde 1
su + Cigceklenme 6ncesi 1 su + tohum baglama devre-
sinde 1 su, S9 - S8 konusuna uygulanan sulamalarin %
50’si seklindedir. Yillik verim ile sulama uygulamasi
arasindaki iligkinin belirlenmesinde varyans analizi
yapilmustir(Yurtsever, 1984).

2.2.3. Tartisma ve Sonug

Cizelge 5 incelendiginde; kishk aspir denemesinde
yapilan istatistiki degerlendirmede her 3 yilda da verim
yoniinden farklilik elde edilmemistir. 3 yillik ortalama
verim degerlerine bakildiginda, en yiiksek verimin

470.72 kg/da ile S8 (tam su) konusundan, en diisiik
verimin ise 426,56 kg/da ile S1 (susuz) konusundan
elde edilmistir. Yazlik aspir denemesinde 2010 yili
verimlerinde istatistiksel dnem diizeyinde farkliliklarin
goriilmemesi ve verim degerlerinin diger deneme yilla-
11 ile uyusmamasindan dolayr degerlendirme dis1 bira-
kilmistir. 2011 ve 2012 yillarinda verimler istatistiksel
olarak % 1 6nem diizeyinde farkliliklar sergilemistir.
Cizelge 6 incelendiginde; Iki yillik birlesik analiz so-
nucuna gore yazlik aspirde en yiiksek tohum verimi
222.74 kg/da ile S8 (tam su) konusundan, en diisiik
tohum verimi 138.07 kg/da ile S1(susuz) konusundan
elde edildigi izlenebilmektedir. Ug yillik ortalama
mevsimlik sulama suyu degerleri konulara gore kiglik
aspirde 27.6 — 349.3 mm, yazlik aspirde 26- 367.5 mm
arasinda degisirken, ortalama mevsimlik su tiiketim
degerleri de sulama suyu degerleriyle baglantili olarak
kislik aspirde 329.0- 593.3 mm, yazlik aspirde 202 -
460 mm arasinda degismistir. En yliksek su tiiketimleri
sirastyla S8, S7, S6, S5 ve S9 konularinda olurken,
sulama suyunun kisitlanmasi ve topraktaki mevcut
nemin zamanla kullanilmasi nedeniyle en diisiik su
tiketimleri S1, S2, S3 ve S4 konularinda olmustur.
Vejetatif gelisme doneminde uygulanan sulamalar
verimleri etkilemis olup, bu durum Istanbulluoglu ve
ark. (2009)'nin elde ettigi sonuglar ile ortiismektedir.

Cizelge 4. Deneme yillarinda yapilan bazi islem ve gozlem tarihleri

Gozlemler Kishik Yazlik
2009-2010 2010-2011 2011-2012 2010 2011 2012
Ekim 14.11.2009 05.11.2010 20.10.2011 10.04.2010 09.03.2011 14.03.2012
Cikig 02.12.2009 20.11.2010 05.11.2011 21.04.2010 21.03.2011 27.03.2012
Sapa kalkma 24.03.2010 21.03.2011 03.04.2012 01.06.2010 10.05.2011 08.05.2012
Cigeklenme 24.05.2010 30.05.2011 28.05.2012 11.06.2010 14.06.2011 07.06.2012
Tohum baglama | 07.06.2010 20.06.2011 15.06.2012 28.06.2010 28.06.2011 25.06.2012
Hasat 13.07.2010 11.07.2011 11.07.2012 01.08.2010 20.07.2011 16.07.2012
Cizelge 5. Deneme yillarinda kislik aspirde konularin ortalama verimleri (kg/da)
Konular
Yillar st s2 s3 s4 S5 S6 s7 S8 s9
2010 396.04 416.04 400.21 394.58 396.25 396.04 416.46 428.54 385.21
2011 404.37 432.49 450.41 431.14 430.31 441.24 439.47 464.06 416.03
2012 479,27 543,44 505,52 519,79 488,75 554,79 506,35 519,58 488,96
Ort 426,56 463,99 452,05 448,50 438,44 464,02 454,09 470,72 430,07
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Cizelge 6. Deneme yillarinda yazlik aspirde konularin ortalama verimleri (kg/da)

Konular
Yillar st s2 3 s4 S5 6 s7 S8 9
2011** | 149.16c | 174.16bc 176.87abc | 159.47c 183.01abc | 191.76abc | 187.81abc | 228.01a | 213.85ab
2012** | 126,98e | 192,08abc 154,38de | 129,48e 210,42ab 177,40bcd | 159,38cde | 216,67a | 197,50ab
Ort** 138,07e | 183,12bcd 165,62de | 144,47e 196,71abc | 184,58bcd | 1773,59cd | 222,74a | 205,67ab
** : gruplar arasindaki fark % 1 6nem seviyesine gore énemli
2.3.2. Metot

2.3. Harran Ovas1 Kosullarinda Aspir (Carthamus
tinctorius L.) Bitkisinin Azotlu ve Fosforlu
Giibre Isteginin Belirlenmesi (2009-2013)

2.3.1. Materyal

Bitki materyali olarak Remzibey-05 aspir ¢esidi
kullanilmistir. Deneme, GAP Tarimsal Arastirma Ens-
titiisii Talat Demiroren ve Tatlica Arastirma Istasyonla-
rinda yagisa bagl olarak yiiriitilmistiir. Arastirma
istasyonlarma ait toprak ozellikleri asagidaki gibidir.

Talat Demirdren Arastirma Istasyonu: Arastirma
bolgede genis alan igceren Harran toprak serisinde yiirii-
tillmistiir. Bu seri topraklari, Harran Ovasini dogu, bati
ve kuzeyden cevreleyen Tektek, Fatik ve Urfa Dagla-
rindan gelen ¢amur akintilarindan olugmus, aliiviyal
ana materyalli, diiz ve diize yakin egimli, derin toprak-
lardir. Tipik kirmizi profilleri killi biinyelidir. Tim
profil ¢ok kireclidir ve agagilara dogru artan yogunluk-
ta kireg ceplerini icermektedir. A,B,C horizonlu toprak-
lar olup, pH 7.3 ile 7.8 arasinda, organik madde igerigi
diisiik, katyon degisim kapasitesi kil igerigine bagh
olarak alt katmanlara dogru artmaktadir (Ding ve
ark.1988).

Tatlica Arastirma Istasyonu: Toprak yapist killi-
tmli, EC degeri: 0.76-1.2, Kire¢ orani: % 21-24, Ph
degeri: 7.70-7.80, fosfor degeri: 3.44-4.60, potasyum
degeri: 123-133, organik madde orani: % 0.90-0.98
arasinda degismektedir(Anonim, 2009).

Cizelge 7. Arastirma yillarina ait ekim ve hasat tarihleri

Deneme; azot ve fosfor dozlar1 uygulamalar1 olarak
iki ayr1 deneme seklinde 5x4 tesadiif bloklar1 deneme
desenine gore yiiriitiilmiistiir. Fosforlu giibre deneme-
sinde 12 kg/da N, azotlu giibre denemesinde ise 9
kg/da P,Os tiim parsellere esit olarak uygulanmustir.
Parsel dlgiileri: ekimde 14.4 m? (2.4m x 6m), hasatta: 8
m? (2m x4m) olarak uygulanmis olup, ekimde sira arast
20 cm ve sira lizeri 8-10 cm olarak ayarlanmistir. De-
neme parselleri arasinda ve bloklar arasinda 3 m genis-
liginde tampon alanlar birakilmistir. Yanlardan 20’ser
cm, parsel bas ve sonlarindan da 1’er m kenar tesiri
olarak kabul edilmis ve hesaplamaya dahil edilmemis-
tir.

Azot Denemesi Konulari;

Azot konular1; No — Kontrol, N; — 4 kg/N da, Ng — 8
kg/N da, N — 12 kg/N da, Nig — 16 kg/N da olarak
uygulanmustir.

Fosfor Denemesi Konulari;

Fosfor konulari; Pq —Kontrol, P; -3 kg/P,0s da, Pg —
6 kg/ P,Os da, Py -9 kg/P205 da, Pi,-12 kg/P205 da
olarak uygulanmistir.

Denemelerde konu olarak belirlenen azot ve fosfor
dozlar1 uygulanmistir. Azot kaynagi olarak Amonyum
Nitrat (%33), fosfor kaynagi olarak ise TSP (% 43)
giibresi kullanilmistir. Azotlu giibrenin yarisi ile fosfor-
lu giibrenin tamami taban giibresi olarak ekimle, azot-
lu giibrenin diger yarisi ise bitkinin rozet doneminde
iist giibre olarak verilmistir. Giibreler her parsele elle
serpilmistir.

Talat Demirdren Arastirma Istasyonu

Uygulamalar

2009-2010 2010-2011 2011-2012 2012-2013
Ekim 23.11.2009 26.11.2010 28.10.2011 03.12.2012
Hasat 10.07.2010 20.07.2011 13.07.2012 09.07.2013
Uygulamalar Tatlica Arastirma Istasyonu

2009-2010 2010-2011 2011-2012 2012-2013
Ekim 03.12.2009 04.11.2010 04.11.2011 16.12.2012
Hasat 05.07.2010 06.07.2011 06.07.2012 02.07.2013
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2.3.3. Istatistiksel Degerlendirmeler

Denemelerden elde edilen sonuglar varyans analizi
ve regresyon analizi ile degerlendirilmistir. Uygulanan
giibre miktari ile aspir dane verimi arsindaki iligkinin
belirlenmesinde Y=a+bx+cx? esitliginden (Yurtsever,
1984);. ekonomik optimum fosforlu giibre miktarinin
belirlenmesinde  Eg=(Fg-Fm.b)/2.Fm.c esitliginden
yararlanilmaistir.

Yukaridaki esitliklerde:

Y= Beklenen {iriin

a = Kontrol parsellerin ortalama aspir verimi

x = Uygulanan giibre miktari

Eg = Uygulanmasi gerekli ekonomik giibre dozu
Fm = Mahsuliin fiyatt

Fg = Giibre fiyati

b = Giibrenin linear etkisi

¢ = Giibrenin kuadratik etkisi

2.3.4. Tartisma ve Sonug

Giibre tavsiyelerinde uygulanan giibre miktar1 ile
tohum verimi arasindaki iligkinin belirlenmesi 6nem

kazanmaktadir. Dolayisiyla, denemede uygulanan
giibre miktarlari ile elde edilen ortalama tohum verim-
leri regresyon analizine tabi tutulmus, Talat Demirdren
Arastirma Istasyonu i¢in optimum azotlu giibre miktar
7.6 kg/da N, fosforlu giibre miktar1 7.5 kg/da P,0s
Tatlica Arastirma Istasyonu igin optimum azotlu giibre
miktar1 5.4 kg/da N, fosforlu giibre miktar1 5.9 kg/da
P,Os olarak belirlenmistir.

Deneme yillarina ait ortalama tohum verimleri ince-
lendiginde (Cizelge 8-11); Talat Demirdren Arastirma
Istasyonu’nda ortalama tohum verimlerinin 469 kg/da
ile 524 kg/da arasinda, Tatlica Arastirma Istasyonu’nda
ise tohum verimlerinin 216 kg/da ile 258 kg/da arasin-
da degistigi tespit edilmistir. Tiim denemelerde uygu-
lanan azot ve fosfor dozlarina paralel tohum verimleri-
nin arttii belirlenmis, elde edilen sonuglar Esendal
(1981), Ahmed ve ark.(1985), Mahey ve ark. (1989),
Sing ve ark. (1993), Patel ve ark. (1994), Tungtiirk
(1998), Tungtiirk (2003) ve Yildirim ve ark. (2005)’nin
yaptiklar1 caligmalar ile paralellik gdstermistir.

Cizelge 8. Ortalama tohum verimleri - kg/da (Talat Demiréren Ars. Istasyonu)

Yillar Uygulanan azot miktarlan (kg/da)
Kontrol 4.0 8.0 12.0 16.0
2010 570 581 566 596 563
2012 496 520 537 551 536
2013 342 362 400 424 385
Ortalama 469 488 501 524 495
Cizelge 9. Ortalama tohum verimleri - kg/da (Tatlica Arastirma Istasyonu)
Yillar Uygulanan azot miktarlan (kg/da)
Kontrol 4.0 8.0 12.0
2010 194 238 221 179
2011 259 313 325 286
2012 255 292 300 280
2013 155 167 187 161
Ortalama 216 253 258 227
Cizelge 10. Ortalama tohum verimleri - kg/da (Talat Demiréren Ars. Istasyonu)
Yillar Uygulanan fosfor miktarlar: (kg/da)
Kontrol 3.0 6.0 9.0 12.0
2010 532 588 594 615 545
2012 512 537 551 561 548
2013 353 369 376 416 391
Ortalama 466 498 507 531 495
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Cizelge 11. Ortalama tohum verimleri - kg/da (Tatlica Arastirma Istasyonu)

Yillar Uygulanan fosfor miktarlar (kg/da)

Kontrol 3.0 6.0 9.0 12.0
2010 225 259 234 223 188
2011 341 345 350 354 334
2012 285 310 304 324 295
2013 102 114 135 158 114
Ortalama 238 257 256 265 233

3. Sonuglar

Yiiritiilen aspir projelerinden elde edilen aragtirma
sonuglar asagida 6zetlenmistir.

Aspir ekim zamam denemesinde; kislik ekimler-
de tohum verimlerinin yazlik ekimlere gére daha
yiiksek oldugu belirlenmis olup, en yiiksek to-
hum veriminin 426 kg/da ile 30 Ekim tarihinden,
en disiik tohum veriminin ise 98 kg/da ile 5 Ni-
san tarihinden alindig1 bildirilmistir.

Aspir sulama denemesinde; kislik ekimlerde su-
lama konular1 arasinda tohum wverimleri baki-
minda istatistiksel onem diizeyinde farkliliklar
elde edilmemistir.

Aspir sulama denemesinde; yazlik ekimlerde su-
lama konulart arasmda tohum verimleri baki-
minda istatistiksel énem diizeyinde farkliliklar
elde edilmistir. Elde edilen bulgular degerlendi-
rildiginde; her 3 donemde sulamanin yapildigi
S8 (tam su) konusu, suyun kisith olmasi
durumunda ise her 3 dénemde hesaplanan suyun
yarisinin uygulandigr S9 konusu 6nerilmektedir.

Aspir sulama denemesinde kislik ekimlerde bitki
su tiiketimleri ortalama olarak 329 - 593.3 mm
arasinda degismis ve konulara gore 27.6 - 349.3
mm arasinda sulama suyu uygulanmistir. Yazlik
ekimlerde bitki su tiiketimleri ortalama olarak
202 - 460 mm arasinda sulama suyu verilmistir.

Aspir giibre dozu arastrmasinda; Talat
Demirdren Arastirma Istasyonu’nda en yiiksek
tohum verimi 524 kg/da ile 7.6 kg/da N ve 6.2
kg/da P,0s giibre dozu uygulamasindan, Tatlica
Aragtirma Istasyonu’nda en yiiksek tohum veri-
mi 258 kg/da ile 5.4 kg/da N ve 3.9 kg/da P,0s
giibre dozu uygulanmasindan alinmistir.
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Operational characteristics of a black carrot harvester with vibratory cleaning
elevator were determined in this research. The machine is able to harvest two

ridges at a time. The harvester was operated at 0.21, 0.34 and 0.48 m s for-

ward speeds over a black carrot field with pulled-off ringlets and cleaned

Keywords: heads. Depending on forward speeds, dirtiness ratios varied between 6.75 -
Black carrot 18.42%, broken carrot ratios between 3.76 - 14.55%, surface wound ratios
Harvester between 4.11 - 1.55%, drafts between 1203 - 1363 daN, bollard pulls between
Scraper 2.48 - 6.41 kKW and power take-offs shaft powers between 2.32 - 2.87 kW.
Elevator

Harvest losses

1. Introduction

Black carrots are rich in sugar, vitamin A and cera-
tine. Turkey and India are the largest black carrot con-
sumers of the world. Consumption is usually as fer-
mented beverage rather than fresh consumption.

Fermented carrot juice contains lactic acid and car-
rots contain average 6-10 mg 100 g* ascorbic acid
(Cemeroglu et al., 2001). Besides providing sourness to
carrot juice, lactic acid also has digestive and refresh-
ing effects, adjust the pH of digestive system and al-
lows the body to benefit more from some minerals
(Miisoglu, 2004).

Black carrot has a high antioxidant activity and it is
a potential anthocyanin pigment source. It has high
antioxidant content (1750 mg kg™) and special quality
parameters (Kirca et al., 2006). Anthocyanins are the
most popular natural food colorings providing the car-
mine color to foods and commonly used as an alterna-
tive of synthetic food dyes (Bridle and Timberlake,
1997; Giusti and Wrolstad, 2003).

* Corresponding author hhsefer@selcuk.edu.tr

Anthocyanins were proved to have threpuatic ef-
fects on vascular diseases especially on artery thicken-
ing, cancers and diabetes, nerve degenerations and
some eye diseases (Kong et al. 2003; Wrolstad, 2004).
There are also several anthocyanin-containing pharma-
ceutical products in markets

Black-carrot cultivation lands and amount of pro-
ductions have been increasing recently in Konya —
Eregli region. Especially Kuzukuyusu, Beydren,
Akoren and Sazgegit districts meet about 80% of black
carrot production. Although reliable data is not availa-
ble, it was reported that black carrot producers of the
region contracted about 150 -160 thousand tons of
production. Such productions correspond about 4 thou-
sand hectares productions sites.

Although there are various researches conducted on
yellow carrot harvesters, there are not any study con-
ducted on black carrot harvesters. Ozarslan, (1989)
tested single-row harvester prototype by using two-
pieces winged fork and single-piece finger pullers
under laboratory conditions with wooden carrot mod-
els. Researcher obtained pulling ratios of 97.5, 100 and
60.53% with two-pieces winged puller at 25 cm opera-
tional depth and respectively at 0.39, 0.68 and 1.36
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m s forward speeds. Ozarslan et al., (1995) developed
and tested the prototypes of carrot harvesters with
vibratory sieves and elevator storage. Researchers
reported an operating speed 1.5- 2 km h™ for vibratory
sieved prototype and indicated that a worker was able
to pull-off about 3-4 da land area in a single day. Tests
on elevator-storage prototype revealed that a pulling
depth of 25 cm was proper for a quality pull-off and 8
da land area was able to be pulled-off in a single day at
2.5 — 3 km h™ operating speeds.

It was indicated in previous researches that pulling
loss in sugarbeet should be around 3% (Traulsen, 1974)
and pull-off and root break-off losses, head cutting
quality, dirtiness ratio and surface wounds should all be
taken into consideration while testing and evaluating
the harvesters (Brinkmann, 1988).

Kanofojski and Karwowski, (1976) indicated that
pull-off harvesters could commonly be used since seg-
mented-type scrapers can be used over every kind of
soils, scrape the ridges and scraper penetration angles
may be increased up to 35°.

Haciseferogullar et al., (2000) determined the pull-
off losses of a fork-type puller in sugarbeet as 0.36,
1.26 and 1.79% and drafts as 4414, 5277 and 6435
respectively at 0.51, 0.77 and 1.04 m s* forward
speeds.

In present research region, harvested black carrots
are collected by a labor force and loaded to trailers.
They then transported to washing facilities, washed
there and moved to concentrate facilities. In current
research, operational characteristics of a puller harvest-
er with vertical-vibratory cleaning elevator were de-
termined.

2. Material and Method

Experiments were carried out in Kuzukuyusu Vil-
lage of Eregli, Konya. The harvester with vibratory
cleaning elevator, used in this study, is a local brand
and commonly used in black carrot harvest of the re-
gion. Hattat A110 4WD tractor was used in experi-
ments.

There are two sharp-edged separator discs beside
the scraper in front of the harvester hood. The general
view of the machine used is shown in Figure 1. The
motion taken from power take-off of the tractor is
transferred to a gear box mounted over the hood and
then the motion is oriented with 90° and transferred to
elevator pulley located on lest side of the machine. The
motion behind the machine is transferred to eccentric
pulley (Figure 2).

The soil and carrots pulled-off from the ridges of
two rows by the scraper are transported to cleaning
elevator. Vertical vibration is provided to elevator by
an eccentric mechanism and soil over the elevator is
sieved through. Finally, harvested and dirtiness-sieved
black carrots are left over the field. Some technical
specifications for the harvester are provided in Table 1.

Figure 1
Black carrot harvester machine

/ Movement Transfer Shaft

Elevator Pulleys y
/", Power Take-off

Cutting Disc ~ /
Cutting Disc

Gear Box

Ripper Kinves

| &

{ Eccentric Shaft
|

Elevator Bars

Tire “Tire

Figure 2

Schematic view of black carrot harvester with vibratory
cleaning elevator

Sowing ridges are presented in Figure 3. Black car-
rots were sown in three rows over each ridge of exper-
imental field with a vacuum-type pneumatic precision
planter. Row spacing was 7.5 ¢cm and on-row plant
spacing was 2.5 cm. Total ridge width was 32 cm and
ridge height was 20 cm.
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Table 1
Specifications for the harvester tested in this study

Specifications

Separator disc diameter :560 mm
Separator disc thickness 6 mm
Scraper penetration angle 1320
Scraper cutting angle :90°
Scraper knife length 1420 mm
Scraper knife width 1125 mm
Number of scraper knife 9
Elevator area :1.96 m?
Bar diameter :16 mm
Bar spacing 44 mm
Number of bars :56
Chain step :60 mm
Eccentric dimeter 20 mm
15
— 2 L FA- .
1
=l
|
72

Measurements (cm)

Figure 3
Sowing ridges

Experiments were conducted in randomized block
design with three replications. Plot size was arranged
as 1.35 x 50 m. Non-stony experimental field has a
sandy-loam texture with 68% sand, 20% clay and 12%
silt. Average block relative humidity was 14.89%.
Experiments were implemented at 0.21, 0.34 and 0.48
m s forward speeds, 375 min™ power take-off rate and
average 28 cm operational depth.

Over the experimental plots, 10 rows were random-
ly selected and the distance between the nearest plants
along 5 m row length were measured with a steel rule.
Recorded measurements were then used to create the
relative ratio groups (Figure 4). Plant characteristics of
black carrots are provided in Table 2.
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Figure 4

On-row plant distribution

Table 2

Characteristics of black carrots

Measured characteristics Value

Type : Black carrot
Mass :105.71£6.49 ¢

: 474+2.79 plant m™
: 204.59+ 8.05 mm
: 41.35+2.79 mm

Number of plant per unit area
Average carrot length
Average carrot diameter

Before to start black carrot pull-offs, ringlets were
ripped off with a hay silage machine, carrot heads were
cleaned with horizontally-operating crushing machine
and leaves were collected with an acrobat hay rake.
Image of a ridge ready to be pulled-off with a harvester
is presented in Figure 5.

THIRD ROW

Fure 5
Top view of a ridge

Draft pins able to be fixed on three-point suspen-
sion sleeves with a capacity of 30.000 N were used to
determine machine draft requirements. Signals formed
over draft pins were transferred to data processor. Mul-
tiLog PRO brand portable data logger with a graphic
analyzer system, data storage and adjustable data range
was used for data processing.

Datum Electronics brand power take-off torque me-
ter with a capacity of 1800 Nm was used to determine
torque requirements. Torque meter signals were direct-
ly transferred to computer and saved in *xls format
with special software.

Dirtiness ratio, root break-off ratio, surface wounds
ratio, pull-off losses ratio were taken into consideration
while testing and evaluating the harvesters operating
qualities of tuber-plants (Brinkmann, 1988). A total of
ten samples were taken from randomly selected 1 m?
surface areas over the experimental plots and then
samples were transported to laboratory and analyzed
there.

Dirtiness ratio was determined as the ratio of the
weights of residual soil particles over the harvested
carrots to the weight of harvested carrots.

Pull-off losses were determined by weighting the
non-harvested carrots removed by manual digging of 1
m? harvest area of each plot.
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Broken carrot ratio was determined as the ratio of
the weight of broken and cleaned carrots to the weight
of harvested carrots.

To determine surface wounds, color changes over
the cleaned and washed carrots of each plot were taken
into consideration. Following the wash-up, wounded
parts of the black carrots had darker colors as shown in
Figure 6. Wound ratios were determined as the ratio of
the weights of carrots with peel wounds to the weight
of harvested carrots of each plot. Only slight peel-offs
(surface wounds) were observed rather than deep
wounds.

Figure 6
An image of black carrots with slight peel-offs

Table 3
Harvester operational quality parameters

Variance analysis and LSD test were performed to
determine the effects of forward operating speeds of
carrot harvester on dirtiness ratio, root-break-off ratio
and surface wound ratio (Diizglines et al., 1983).

3. Results

Dirtiness, root break-off, surface wound and pull-
off loss ratios at different forward operational speeds of
black carrot harvester are provided in Table 3.

Dirtiness ratios increased with increasing forward
speeds. Such increases were observed as 151 and 273%
corresponding to increases in forward speeds of 162
and 229%, respectively. Variance analysis revealed
significant relationships between dirtiness ratios and
forward speeds (F=16.97). LSD test revealed that dirti-
ness ratio at 0.48 m s™ forward speed was different
from the dirtiness ratios of the other forward speeds.
Such a case may be due to constant eccentric diameter
since it was not able to be enlarged.

Operational speed (m/s)

Parameters 0.21 0.34 0.48

Dirtiness ratio (%) 6.75+0.81b 10.16+2.43b 18.42+1.72a LSD (p<0.01)=6.909
Broken carrot ratio (%) 3.76+0.36b 11.61£2.20a 14.55+0.76a LSD (p<0.01) =5.248
Surface wound ratio (%) 4.11+0.55 3.51£1.67 1.55+0.97 -
Pull-off losses (%) - - 1.65+0.70 -

The broken carrot ratios also increased respectively
by 309 and 387% with 162 and 229%increases in har-
vester forward speeds. Again, variance analysis re-
vealed significant relationships between forward opera-
tional speeds and broken carrot ratios (F=25.43). LSD
test revealed that broken carrot ratio at 0.21 m s™ for-
ward speed was different from the broken carrot ratios
of the other forward speeds. In other words, the lowest
ratio (3.76%) was observed at 0.21 m s forward
speed. Differences in broken carrot ratios were basical-
ly due to operation of the scraper.

Surface wound ratios of 0.21 and 0.48 m s™ forward
speeds varied between 1.55 - 4.11% and decreased
with increasing forward speeds. Variance analysis
revealed insignificant relationships between harvester
forward speeds and surface wound ratios (F=2.01). The
decrease in surface wound ratios with increasing for-
ward speeds was due to shorter transport duration of
the carrots over elevator at higher speeds.

With regard to pull-off losses, while there were not
any pull-off losses at 0.21 and 0.34 m s* forward
speeds, a pull-off loss ratio of 1.65% was observed at
0.48 m s harvester forward speed.

Draft, bollard pull and power take-off values in-
creased with increasing machine forward speeds (Table
4). Based on forward speeds, drafts varied between
1203 - 1363 daN, bollard pulls between 2.48 - 6.41 kW
and power take-offs between 2.32 - 2.87 kW.

4. Conclusion

Operational characteristics of a black carrot har-
vester were determined in present study. In general,
while increasing dirtiness ratios and broken carrot
ratios were observed with increasing forward speeds, a
decrease was observed in surface wound ratios with
increasing speeds. Such results may indicate that the
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harvester should be operated at 0.20 m s forward
speed. Under these circumstances, a work success of
0.85 da h™ was reached.

Table 4

Draft, bollard pull and power take-off values of har-
vester

Operational speed (m s™)

0.21 0.34 0.48
Draft (daN) 1203 1280 1363
Bollard pull (kW) 248 4.26 6.41
Power take-off (kW) 2.32 2.65 2.87

Following conclusions were also drawn from the
experiments carried out in current study;

-Deeper scraper penetration may be obtained by
providing vertical vibrations,

-Transitional parts of sieving apparatus, edges and
elevator bars may be lined with plastic material and
surface wounds may be prevented in this way,

-Stroke of the eccentric providing vibrational
movements to elevator may be increased, an adjustable
fashion may be provided and cleaning ratio may be
improved in this way,

-A belt conveyor may be added to harvester to
transfer the carrots to trailer. In this way, labor re-
quirement to collect the harvested carrots may be elim-
inated,

-Considering all the above mentioned recommenda-
tions, cost-effective local brands may be used instead
of highly expensive imported harvesters.
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Water, increasing interests day by day for all living creatures, is essential
source. Large portion of water supply has been used in agriculture. Irrigation
organizations having the rights to comment on irrigation management have
very important role to play in agricultural water management. This study fo-
cused on assessment of irrigation performance of Ilgin Plain Pump Irrigation
Association. The 13 performance indicators were researched between years of
2007 and 2015. Following results were obtained from the study: annual irriga-
tion water delivery per unit command area as 1727 — 6334 m® ha®, annual
relative water supply as 0.49 — 1.71, cost recovery ratio as 64.19%, Mainte-
nance cost to revenue ratio 14.95 — 74.30%, Revenue collection performance
as 83.54 — 146.97%, Total annual gross agricultural production as 1.19-1.596
tonnes, Output per unit irrigated area as 3145.9 — 9713.1 TL ha™*, Output per

unit irrigation supply as 0.9287 —3.0087 TL m*,

1. Introduction

Water is one of the indispensable natural sources
for the sustainability of agricultural activities since the
early ages. In terms of sustainable agriculture, preven-
tion of water loss caused by improper use of under-
ground and surface waters and poor management irri-
gation systems are some of the important issues
(Ozdemir, 2009)

As mentioned above water is a strategic element
and as about 2/3 of food production has been obtained
from irrigated lands of Turkey. Water savings are very
important role to play in conveying, distribution net-
works as well as water management. It has also great
contributions on sustainable agriculture or rural devel-
opment (Muslu, 2015).

Irrigation efficiency has to be improved for meeting
the increasing population food demands, enhancing
higher and qualified production especially in regions
where water shortage are serious problems.

The assessment of performance in irrigation sys-
tems and the determination of the current success status
are of great importance in terms of determining wheth-
er or not they have reached the purpose target of the
assignment studies. For this purpose, performance eva-
luation studies should be done in all irrigation systems

*Corresponding Author: rtopak@selcuk.edu.tr

and the success of the irrigation method should be
determined (Nalbantoglu, 2006).

Efficient water use in agriculture is necessarily pre-
requisites in Konya basin where water resources are
scant with large arable lands. In the present study,
irrigation performance of Ilgin Irrigation Association
was evaluated for the periods 2007-2015.

2. Material and Method

The performance evaluation was carried out for irri-
gation lands of Ilgin Plain Pump Irrigation Association
located in the Ilgin district in of Konya. The Irrigation
association was established in 1995.

The irrigation areas are within district of Konya-
Ilgin with five towns namely Agalar, Bulcuk, Eldes,
Mahmuthisar and Sadik. Those areas are about 90 km
far away from Konya city center. Geographical position
of study region is 38°15' north latitude and 31°57' east
longitude with about 1030 m above sea level (Fig. 1).

The Irrigation Association serves to 5214 ha irriga-
tion area. The irrigated areas between 2007 and 2015
are given in Table 1. As seen Table 1, average irriga-
tion ratio is about 47%.
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Table 1
Irrigation ratios of the area (Anonymous, 2017a)
I . Irrigation
Irrigation Irrigated .
Years Area (ha) Area (ha) FE?;E)')O
2007 5214 3646 69.9
2008 5214 3683 70.6
2009 5214 1127 21.6
2010 5214 2837 54.4
2011 5214 1121 21.5
2012 5214 3193 61.2
2013 5214 2666 51.1
2014 5214 3316 63.6
2015 5214 1921 36.8
Average 5214 2612 46.8

Continental climate is dominant in the region. In
the summer, day time is warm and the night is cool
with cold winter. Average monthly temperature is 25.5
°C, the temperature is the highest in the months of July
and August, and January is the lowest temperature
(Sahin, 2010).Since the average annual rainfall is
around 480 mm, and rain-fed agriculture is common in

Table 2
Crop pattern of irrigation area (Anonymous, 2017a)

Figure 1
Irrigation area (Anonymous, 2016)

some parts of the research area but yield is low in such
places (Ozdemir, 2005).

The water source of the irrigation area is Ilgin
Pump Irrigation storage. The irrigation water supply is
obtained from Lake Cavusgu or known as Cavusgu
Goli in national literature. That Lake is a freshwater
supply and has opened for irrigation in 1970 (Dénmez,
2010).Farmers have received irrigation water from the
open channels.

In examine the crop pattern of the area, cereals and
sugar beets are main field crops in the study region. In
addition to those two crops, corn and opium poppy are
also common crops. The crop pattern for the irrigation
areas is listed in Table 2.

The performance assessment was made by using 13
performance indicators as suggested by Malano and
Burton (2001). Such assessment was classified in three
groups namely as service delivery performance, finan-
cial performance, and productive efficiency perfor-
mance (Table 3).

The data for assessment are provided from the rec-
ords of IV. Regional Directorate of State Hydraulic
Works and Ilgin Plain Pump Irrigation Association.

Crop Pattern (ha)

Year Cereals Legume Water- Sugar Sunflower Opium Maize Fruit Vegetable Potato Other Total
Melon  Beet Poppy
2007 2873.1 5.9 47  676.6 1.6 - 383 22 0.3 7.7 356 3646
2008 2410.6 8.5 22 10634 - 748 663 55 6.1 46 411 3683
2009 498 4.8 2.1 987.0 0.2 4.3 26.0 3.2 7.7 3.8 379 1127
2010 1755 18.3 39 8414 0.3 1404 291 7.0 5.0 72 297 2837
2011 263.4 3.7 6.2 6759 0.3 16,1 958 58 0.8 77 453 1121
2012 18135 2.0 0.1 1101.2 3.0 65.0 1244 93 3.5 79 627 3193
2013 885.6 4.4 - 1180.0 36.9 2153 2363 8.9 0.5 3.7 945 2666
2014 21355 4.6 - 721.8 21.9 180.3 1455 6.7 0.7 0.4 99.0 3316
2015 655.6 11.8 04  750.2 3.3 195.0 1747 7.6 4.0 16.9 101.0 1921
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Performance indicators in performance studies (Malano and Burton, 2001)

Performance Indicators

Service Delivery Per-

formance

Annual irrigation water delivery per unit command area (m® ha™®)
Annual irrigation water delivery per unit irrigated area (m* ha™)

Annual relative water supply (%)

Financial Performance

Cost recovery ratio (%)
Maintenance cost to revenue ratio (%)

Total management, operation and maintenance (MOM) cost per unit area (TL ha™)
Total cost per person employed on water delivery (TL person™)

Revenue collection performance (%)
Staffing numbers per unit area(person ha™)

Productive Efficiency

Total gross annual agricultural production (tones)

Performance

Total annual value of agricultural production (TL)
Output per unit serviced area (TL ha™)
Output per unit irrigated area (TL ha™)

Output per unit irrigation supply (TL m?)

Table 4

Annual irrigation water delivery per unit command area (Anonymous, 2017)

Total amount of water supply-

Total Irrigation

Annual irrigation water delivery per

- - - - 3
Year ing the |rr|gi/aet;<r)_rll)system (m Area (ha) unit command area(m?® ha™)
2007 12350000 5214 2369
2008 5260000 5214 1009
2009 4400000 5214 844
2010 4900000 5214 940
2011 7100000 5214 1362
2012 13100000 5214 2512
2013 14800000 5214 2839
2014 8225000 5214 1577
2015 5040000 5214 967

3. Research results and discussion

3.1. Service Delivery Performance

3.1.1. Annual irrigation water delivery per unit com-
mand area

Annual irrigation water delivery per unit command

area between 2007-2015 for the Irrigation Association
are given in Table 4. This value was obtained by divid-
ing the total amount of water supplying the irrigation
system by the total irrigation area. The lowest value
was as 967 m® ha® in 2015, and the highest value was
as 2839 m® ha™ in 2013. Kapan (2010) stated annual
irrigation water delivery per unit command area was
between 9546-14043 m® ha™ for Asartepe Irrigation
Association.

3.1.2. Annual irrigation water delivery per unit ir-
rigated area

Annual irrigation water delivery per unit irrigated
area between 2007-2015 for the Irrigation Association

are given in Table 5.This value was obtained by divid-
ing the total amount of water supplying the irrigation
system by the total irrigated area. It was the lowest as
1428 m® ha® in 2010, and the highest value was as
6334 m® ha’ in 2011. Kapan (2010) researched the
irrigation performance in the Asartepe Irrigation Asso-
ciation and found the annual irrigation water delivery
per unit irrigated area as 9546-14043 m* ha™.

3.1.3. Annual relative water supply

Annual relative water supply between 2007-2015
for the Irrigation Association are given in Table 6. This
value was obtained by dividing the total amount of
water supplying the irrigation system by the total irri-
gation water requirement. If this value is greater than 1,
it means that more irrigation water has been diverted to
the irrigation network (Beyribey, 1997). The lowest
value was 0.49 in 2008, and the highest value was 1.71
in 2013.

Kaya and Cift¢i (2016) reported that value between
2.35 and 3.42 for Cumra Irrigation Association. Bulut
and Cakmak (2001) assessed the irrigation perfor-
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mance of Mersin gardens, they found that irrigation
supply ratio was 1.43-1.69 before the period between
1990-1994 and 1.33-1.82 after the period between
1995-1998.

3.2. Financial Performance
3.2.1. Cost recovery ratio

Cost recovery ratio in the examine periods are giv-
en in Table 7. This value was obtained by dividing the
total revenue collected from water users by the total
management, operation and maintenance, MOM, cost.
The lowest value was 64.19% in 2011, and the highest
value was 153.96% in 2015. Sener and Kur¢ (2012)
carried out performance assessments of 22 irrigation

Table 5

networks in Trakya Region in 2007 growing season
and they found the cost recovery ratio as 20-205% with
an average 81%.

3.2.2. Maintenance cost to revenue ratio

Maintenance cost to revenue ratio between 2007-
2015 are given in Table 8. This value was obtained by
dividing the total maintenance expenditure by the total
revenue collected from water users. The lowest value
was 14.95% in 2014, and the highest value was 74.30
% m?® in 2011. Elicabuk and Topak (2016) found that
the maintenance cost to revenue ratio in Konya
Gevrekli irrigation as about 32-51.9 during periods
2008-2013.

Annual irrigation water delivery per unit irrigated area (Anonymous, 2017a)

Total amount of water supplying

Total Irrigated

Annual irrigation water delivery

Year the irrigation system (m® year™) Area (ha) per unit irrigated area (m* ha™)
2007 12350000 3646 3387
2008 5260000 3683 1428
2009 4400000 1127 3904
2010 4900000 2837 1727
2011 7100000 1121 6334
2012 13100000 3193 4103
2013 14800000 2666 5551
2014 8225000 3316 2480
2015 5040000 1921 2624
Table 6

Annual relative water supply (Anonymous, 2017a)

Total amount of water

Irrigation water re-

Total irrigation Annual relative

Year supplying the3 irrigzjlltion quirement (m°ha™®) water r3equiriment water supply
system (m° year™) (m” year™)
2007 12350000 - - -
2008 5260000 2897 10669651 0.49
2009 4400000 - - -
2010 4900000 2659 7608834 0.64
2011 7100000 3772 4228412 1.68
2012 13100000 2855 9116015 1.44
2013 14800000 3252 8669832 1.71
2014 8225000 2545 8439220 0.97
2015 5040000 4195 8058595 0.63
Table 7

Cost recovery ratio (Anonymous, 2017b)

Total revenue collected from

Management, operation and

Cost recovery ratio

Year water users (TL) maintenance cost (TL) (%)
2007 501028 611564 81.93
2008 591342 540882 109.33
2009 321634 380531 84.52
2010 909715 590866 153.96
2011 375612 585200 64.19
2012 768123 848262 90.55
2013 768123 973710 78.89
2014 1272398 1066214 119.34
2015 1160995 863595 134.44
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Table 8
Maintenance cost to revenue ratio (Anonymous, 2017b)

Total maintenance expenditure  Total revenue collected from

Maintenance cost to

Year (TL) water users (TL) revenue ratio(%)
2007 149680 501028 29.87
2008 249320 591342 42.16
2009 157700 321634 49.03
2010 139607 909715 15.35
2011 279080 375612 74.30
2012 266370 768123 34.68
2013 166378 768123 21.66
2014 190270 1272398 14.95
2015 224620 1160995 19.35

3.2.3.Total MOM cost per unit area

Total MOM cost per unit area between 2007-2015
for the Irrigation Association are given in Table 9. This
value was obtained by dividing the total MOM ex-
penditure by the irrigation area. The lowest value was
146.86 TL ha™ in 2008, and the highest value was 513
TL ha'in 2011. Cin (2017), found that the total MOM
cost per unit area in Ankara Beypazar1 Bagoren Irriga-
tion Cooperative was 10 TL ha™ in 2015.

3.2.4. Total cost per person employed on water deliv-
ery

Total cost per person employed on water delivery
between 2007-2015 for the Irrigation Association are
given in Table 10. This value was obtained by dividing
the total cost of MOM employees by the total number
of MOM employees. The minimum value was 2615.38
TL person’in 2008, and the maximum value was
3109458 TL person™ in 2015. Sénmezyildiz and
Cakmak (2013) assessed the irrigation performance of
Eskigehir Beyazaltin Village land consolidation area

Table 9
Total MOM cost per unit area (Anonymous, 2017b)

and found that total cost per person employed on water
delivery was 10000 TL person™ for 2011.

3.2.5. Revenue collection performance

Revenue collection performance between 2007-
2015 for the Irrigation Association are given in Table
11. This value was produced by dividing total revenues
collected from water users by total service revenue due.
Its lowest value was 83.54% in 2013, and the highest
value was 146.97 in 2014. Chouhan et al. (2015), found
the revenue collection performance 0.82-0.95% in the
Bai Sagar Irrigation in India.

3.2.6. Staffing numbers per unit area

Staff numbers per unit area between 2007-2015 for
the Irrigation Association are given in Table 12. This
value was calculated by dividing total number of MOM
employee employed by irrigation area. It was minimum
as 0.0012 person hain 2009 and 2011, and the maxi-
mum value was as 0.0062 person ha™in 2015. Elicabuk
and Topak (2016) stated such value as 1.7-2.5 person
1000 ha™in the Konya-Gevrekli Irrigation.

Total MOM cost per unit

Year Total MOM expenditure (TL) Irrigation area (ha) area (TL ha'))
2007 611564 3646 167.74
2008 540882 3683 146.86
2009 380531 1127 333.21
2010 590866 2837 208.27
2011 585200 1121 513.11
2012 848262 3193 264.74
2013 973710 2666 365.23
2014 1066214 3316 321.54
2015 863595 1921 449,55
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Table 10

Total cost per person employed on water delivery (Anonymous, 2017b)

Total cost of MOM employ-

Total number of MOM

Total cost per person employed on

Year ees (TL) employees water delivery

(TL person™)
2007 123430 12 10285.83
2008 34000 13 2615.38
2009 146000 13 11230.77
2010 215437 13 16572.08
2011 82200 13 6323.08
2012 232203 13 17861.77
2013 321409 12 26784.08
2014 280187 12 23348.92
2015 373135 12 31094.58

Table 11

Revenue collection performance (Anonymous, 2017b)

Total revenues collected from

Total service revenue due

Revenue collection

Year water users(TL) (TL) performance (%)
2007 501028 495038 101.21
2008 591342 572532 103.29
2009 321634 311723 103.18
2010 909715 874795 103.99
2011 375612 327787 114.59
2012 768123 829108 92.64
2013 768123 919482 83.54
2014 1272398 865744 146.97
2015 1160995 841111 138.03
Table 12

Staff numbers per unit area (Anonymous, 2017b)

Year Total number of Irrigation Total number of MOM Service area of a em-
MOM employees Area (ha) employees (person ha) ployee (ha)

2007 12 3646 0.0033 303.8
2008 13 3683 0.0035 283.3
2009 13 1127 0.0012 86.7
2010 13 2837 0.0046 218.2
2011 13 1121 0.0012 86.2
2012 13 3193 0.0041 245.6
2013 12 2666 0.0045 222.2
2014 12 3316 0.0036 276.33
2015 12 1921 0.0062 160.1

3.3. Productive Efficiency Performance
3.3.1. Total gross annual agricultural production

Total gross annual agricultural production between
2007-2015 for the Irrigation Association are presented
in Table 13 and it was found a total of 1191596 tones.
In examine years, maximum production was obtained
from 2013 with a total production of 89430 tons of
products. That year, about 92% of the production was
obtained from sugar beet. The lowest production was
found in 2011 with a total of 37209 tones of products.
By examine production, sugar beet was in the first rank
with a great difference. The maximum sugar beet
production was in 2013.

3.3.2. Total annual value of agricultural production
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Total annual value of agricultural production be-

tween 2007-2015 for the Irrigation Association are
given in Table 14. As seen in such table, the lowest
value was 7112500 TL in 2011 and the highest value
was 18800500 TL in 2014. Sénmezyildiz and Cakmak
(2013) found that value as 9030000 TL in consolidated
lands of Eskisehir Beyazaltin town.

3.3.3. Output per unit serviced area

Output per unit serviced area between 2007-2015
for the Irrigation Association are given in Table 15.
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This value was obtained by dividing the total annual
value of agricultural production by the irrigation area.

It was minimum was 1363.9 TL ha™ in 2011, and the
highest one was 3605.7 TL ha® in 2014. Degirmenci
(2004) studied about performance of some irrigation
networks in Kahramanmaras and he demonstrated that
value as 430-2573 $ ha™.

3.3.4. Output per unit irrigated area

Output per unit irrigated area between 2007-2015
for the Irrigation Association are given in Table 16.
This value was obtained by dividing the total annual
value of agricultural production by the irrigated area.
Its lowest value was 3145.9 TL ha™ in 2007, and the
highest value was 9713.1 TL ha™ in 2009. Cihan and
Acar (2016) reported such value as about 3600 TL ha™

Table 13

Total gross annual agricultural production (Anonymous, 2017a)

at Konya-Cumra Ova Irrigated lands. Cakmak (2001)
assessed the irrigation performances of Irrigation As-
socliations in Konya and found that value as 359-6197 $
ha™.

3.3.5. Output per unit irrigation supply (TL m™®)

Output per unit irrigated supply between 2007-2015
for the Irrigation Association are listed in Table 17.
This value was obtained by dividing the total amount
of water supplying the irrigation system by the irrigat-
ed area. Its lowest value was 0.9287 TL m7in 2007,
and the highest value was 3.0087 TL m?in 2015.
Degirmenci (2003), assessed the performances of 12
irrigation networks located in Southeastern Anatolia
Project area and found such output per unit irrigated
supply was 0.12-2.16 $ m>.

Total Production (tones)

Total annual pro-
duction for every

Crop crop (tones)
2007 2008 2009 2010 2011 2012 2013 2014 2015

Cereal 14337 12680 395 9670 1054 7254 3542 12813 2295 64040
Legume 16 13 18 78 19 8 9 16 38 215
Water-Melon 235 46 105 273 124 2 - - 9 794
Sugar Beet 39899 47738 78960 50484 33795 66072 82600 57744 52476 509768
Sunflower 8 - - - 1 5 85 55 6 160
Opium poppy - 21 4 197 158 65 193 153 195 986
Maize 383 2652 260 262 1054 1244 2363 1746 2621 12585
Fruit 14 - 32 84 38 93 89 67 76 493
Vegetable 5 195 154 140 6 74 5 7 84 670
Potato 462 110 190 288 231 198 111 11 465 2066
Onion and garlic 198 - - 42 3 57 15 - - 315
Forage plants 1740 822 379 334 726 238 418 440 447 5544
Total 57297 64277 80497 61852 37209 75310 89430 73052 58712 1191596
Table 14
Total annual value of agricultural production (Anonymous, 2017a)

Crop Total annual value of agricultural production(TL.10%)

2007 2008 2009 2010 2011 2012 2013 2014 2015

Cereal 6451.6 6720.4 154.1 4351.5 579.7 4352.4 2302.3 9609.8 1721.3
Legume 31.2 26.0 36.0 109.2 46.4 16.0 63.0 32.0 76.0
Water-Melon 1175 20.7 42.0 19.1 62.0 1.0 - - 59
Sugar Beet 3989.9 5251.2 10264.8 6562.9 47313 9250.1 11564 8084.16 94457
Sunflower 6.4 - - - 13 8.9 76.5 82.5 10.1
Opium poppy - 1134 12.0 689.5 489.8 319.8 772.0 688.5 1265.5
Maize 172.4 2121.6 101.4 175.5 706.2 771.3 1536 1.2 1808.5
Fruit 14.0 - 9.6 66.4 57.0 93.0 89.0 67.0 76.0
Vegetable 5.0 76.1 55.4 65.8 5.4 36.6 5.0 7.0 66.4
Potato 231.0 53.9 1425 216.0 1733 132.7 44.4 8.3 465.0
Onion and garlic 103.0 - - 25.6 6.0 111.2 225 - -
Forage plants 348.0 493.2 128.9 163.7 254.1 119.0 167.2 220.0 2235

Total 11470.0 14876.5 10946.6 12445.2 7112.5 15212.0 16641.9 18800.5 15163.9
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Output per unit serviced area (Anonymous, 2017a)
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Crop

Output per unit serviced area(TL ha™)

2007 2008 2009 2010 2011 2012 2013 2014 2015
Cereal 1237.4 1288.9 29.5 834.6 111.2 834.8 441.6 1843.1  330.1
Legume 6.0 5.0 6.9 20.9 8.9 3.1 12.1 6.1 14.6
Water-Melon 22.5 4.0 8.1 3.7 11.9 0.2 - - 1.1
Sugar Beet 765.2 1007.1 1968.7 1258.7 907.4 17741 22179 1550.5 1811.6
Sunflower 12 - - - 0.2 1.7 14.7 15.8 1.9
Opium poppy - 21.7 2.3 132.2 93.9 61,3 148.1 132.0 242.7
Maize 33.1 406.9 19.4 33.7 135.4 147.9 294.6 0.2 346.9
Fruit 2.7 - 1.8 12.7 10.9 17.8 17.1 12.9 14.6
Vegetable 1.0 14.6 10.6 12.6 1.0 7.0 1.0 1.3 12.7
Potato 44.3 10.3 27.3 41.4 33.2 25.5 8.5 1.6 89.2
Onion and garlic 19.7 - - 4.9 1.2 21.3 4.3 - -
Forage plants 66.7 94.6 24.7 31.4 48.7 22.8 3.1 42.2 42.9
Total 2199.8 2853.1  2099.3 2386.8 1363.9 2917.5 3192 3605.7 2908.3
Table 16
Output per unit irrigated area(Anonymous, 2017a)
Output per unit irrigated area (TL ha™)
Crop
2007 2008 2009 2010 2011 2012 2013 2014 2015
Cereal 1769.5 1824.7 136.7 1533.8 517.1 1363.1 863.6 2898.0 896.0
Legume 8.6 7.1 31.9 38.5 41.4 5.0 23.6 9.7 39.6
Water-Melon 32.2 5.6 37.3 6.7 55.3 0.3 - - 31
Sugar Beet 1094.3 1425.8 9108.1 23133 4220.6 2897.0 4337.6 2437.9 4917.1
Sunflower 1.8 - - - 1.2 2.8 28.7 24.9 5.3
Opium poppy - 30.8 10.6 243.0 436.9 100.2 289.6 207.6 658.8
Maize 47.3 576.1 90.0 61.9 630.0 241.6 576.1 0.4 941.4
Fruit 3.8 - 8.5 23.4 50.8 29.1 334 20.2 39.6
Vegetable 14 20.7 49.2 23.2 4.8 115 1.9 21 34.6
Potato 63.4 14.6 126.4 76.1 154.6 41.6 16.7 25 242.1
Onion and garlic 28.2 - - 9.0 5.4 34.8 8.4 - -
Forage plants 95.4 133.9 114.3 57.7 226.7 37.3 62.7 66.3 116.3
Total 3145.9 4039.2 9713.1 4386.7 6344.8 4764.2 6242.3 5669.6 7893.8
Table 17
Output per unit irrigated supply(Anonymous, 2017a)
Output per unit irrigated supply(TL m?)
Crop
2007 2008 2009 2010 2011 2012 2013 2014 2015
Cereal 0.5224 1.2776 0.0350 0.8881 0.0816 0.3322 0.1556 1.1684 0.3415
Legume 0.0025 0.0049 0.0082 0.0223 0.0065 0.0012 0.0043 0.0039 0.0151
Water-Melon 0.0095 0.0039 0.0095 0.0039 0.0087 0.0001 - - 0.0012
Sugar Beet 0.3231 0.9983 2.3329 1.3394 0.6664 0.7061 0.7814 0.9829 1.8741
Sunflower 0.0005 - - - 0.0002 0.0007 0.0052 0.0100 0.0020
Opium poppy - 0.0216  0.0027  0.1407 0.0690 0.0244 0.0522 0.0837 0.2511
Maize 0.0140 0.4033 0.0230 0.0358 0.0995 0.0589 0.1038 0.0001 0.3588
Fruit 0.0011 - 0.0022 0.0136 0.0080 0.0071 0.0060 0.0081 0.0151
Vegetable 0.0004 0.0145 0.0126 0.0134 0.0008 0.0028 0.0003 0.0009 0.0132
Potato 0.0187 0.0102 0.0324 0.0441 0.0244 0.0101 0.0030 0.0010 0.0923
Onion and garlic 0.0083 - - 0.0052 0.0008 0.0085 0.0015 - -
Forage plants 0.0282 0.0938 0.0293 0.0334 0.0358 0.0091 0.0113 0.0267 0.0443
Total 0.9287 2.8282 2.4879 2.5398 1.0018 1.1612 1.1245 2.2858 3.0087
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4. Conclusion and recommendations

Due to some reasons such as population increase
and climatic changes, water resources are gradually
decreasing, and unconscious water use is also wide-
spread. For these reasons, state policies and water utili-
zation must be accordance with water saving. One of
the possible applications for this is to analyze the exist-
ing situation in irrigation systems and to take precau-
tions in this direction. By assessing the performance of
the systems, the current situation can be determined
and necessary measures can be taken.

According to the results of the present study annual
relative water supply was found between 0.49 and 1,71,
with an average of 1.08. This value is greater the aver-
age threshold level of 1, so more water has been allo-
cated to the irrigation area.

Revenue collection performance is between 83,54
% and 146,97% with an average of 109,71%.This value
indicates that this performance indicator is quite high
in the irrigation association. Cost recovery ratio is
between 64.19% and 153.44% with an average of
101,9%.This shows that the revenues collected from
water users accounts for almost all of the total man-
agement, operating and maintenance cost.
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The present study was conducted in 2016 to compare sprinkler irrigation (SI)
and drip irrigation (DI) methods with regard to economic aspects. Fixed
sprinkler irrigation and drip irrigation were applied in dry bean farming. Full
irrigation was practiced. Methods were compared with regard to production
costs and gross —net incomes. Current findings revealed that there were not
significant differences between sprinkler and drip irrigation in dry bean farm-
ing with regard to irrigation costs, total production costs and incomes.

1. Introduction

Legumes including lentils, chickpeas, peas, broad-
beans and black-eyed peas are the greatest protein
source for more than two billions of people worldwide.
About 22% of plant-originated proteins and 7% of car-
bohydrates used in human nutrition are supplied from
edible legumes worldwide. With regard to sowing areas
and production quantities, legumes are the second grain
crops after cereals (Anonymous, 2016a). In Turkey, dry
bean was cultivated over 93 000 ha land area and 235
000 tons production was performed in 2015. In the same
year, dry bean was cultivated over 40 000 ha in Konya
closed basin provinces (Konya, Karaman, Nigde and
Aksaray) and 135 000 tons production was performed
(Anonymous, 2016b). Considering these values of the
year 2015, it was observed that Konya basin had 43.7%
of dry bean cultivated lands and 57.5% of country pro-
duction. Therefore, Konya basin was considered as the
most significant place for dry bean cultivation of Tur-
key. In this basin, dry bean is produced under irrigated
conditions. In present study, dry beans were irrigated
with drip and sprinkler irrigation methods and economic
comparisons were made for these irrigation methods.
Irrigation and other production costs of both methods
and net incomes were calculated. Considering the all the
other costs fixed, irrigation costs per decare were de-
termined in detail for drip and sprinkler irrigation for
dry bean cultivation.

* Corresponding author email: rtopak@selcuk.edu.tr

2. Materials and Methods

2.1. Field experiments

Field experiments were conducted in Kolukisa vil-
lage of Kadinhani town of Konya province in 2016. Soil
samples were taken from 0-30 and 30-60 cm soil pro-
files and analyzed for irrigation parameters. Soil profile
pits revealed that experimental soils were shallow and
there was a hard barrier below 60 cm in soil profile. Soil
physical characteristics are provided in Table 1.

Experimental soils have silty-clay-loam texture at O-
30 and 30-60 cm profiles. Bulk densities of soil were
respectively measured as 1.34 and 1.32 g/cm®. Available
water capacity at 0-60 cm soil profile was calculated as
69.76 mm.

Experimental site has terrestrial climate and some
meteorological parameters are provided in Table 2.
Climate data were gathered from the records of the
Directorate of Gozlii Agricultural Enterprise. Long-term
(2000-2015) average annual precipitation was 308.5
mm, temperature was 11.5 °C and relative humidity was
61.2%.The precipitation values of the year 2016 were
the same as long-term average, but annual total
precipitation (291 mm) was lower than the long-term
average. The amount of precipitation over the growing
period (June-September) was 50 mm. Irrigation water
was supplied from the nearby deep well of irrigation
cooperative and the discharge rate was 140 mh™.
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Table 1
Soil physical characteristics

Bulk Field Permanent  Available Water
_ Texture Texture Density Capacity Wll'glng Capacity
Soil layer Point
(cm) Class Sand Clay Silt (gem?) %) %) %) (mm)
) ) (k) i i ’
0-30 SCL 51.75 32.00 16.25 1.34 17.08 9.12 7.96 3199
30-60 SCL 4850 31.00 2050 1.32 19.18 9.64 954  37.77
Total (0-60 cm) 69.76
Table 2
Meteorological data for experimental site ( Anonymous, 2016 c)
Months
1 2 3 4 5 6 7 8 9 10 11 12 Avr./Annual
Lona- Temperature®’C) -1 1.2 5.8 10.8 156 19.7 24.1 233 183 123 63 21 11.5
term R. Humidity (%) 82.1 76.7 66 613 56.2 49.3 40.7 40.9 47.3 61.3 71.9 80.7 61.2
Precipt. (mm) 31.2 23.4 28.1 34.1 33.1 285 53 48 224 305 282 39.0 308.5
2016  Precipt. (mm) 37.1 12.0 28.6 15.7 65.1 322 17.3 16 21.8 1.6 12.4 456 291

DI and SI methods were applied in dry bean culti-
vation in this study and irrigation methods were com-
pared with regard to economic aspects. Two separate
experimental plots were formed for drip and sprinkler
irrigation. Full irrigation program was applied in both
methods. Irrigations were performed weekly.

Dripper line tests were carried out over the field to
determine dripper discharge and spacing. Tests were
carried out in accordance with the principles specified
by Yildirim (2008). The wetted line width was deter-
mined as about 40 cm for drippers with 1.6 L h™ dis-
charge and 33 c¢cm spacing. Therefore in drip irrigation
system, laterals with drippers of 1.6 L h discharge and
33 c¢cm spacing, 16mm in diameter were used. Percent-
age of wetted area was calculated by diving wetted line
width (40 cm) to lateral spacing (45 cm) as about 1.
The lateral line length was taken as 50 m and a lateral
line was placed for each plant row. Experimental plots
had 22 rows and drip irrigation plot was 500 m? in size.
Irrigation water was applied through a water flow me-
ter.

Sprinkler irrigation system installed over 14 decare
experimental field plot. Sprinklers were installed as
solid set system at 10x10 m system design. Sprinklers
had 2.5 / 3.5 mm nozzle diameter, 1.05 m*h™ discharge
rate and operated at 1.5 atm. The pipes 125 mm and 90
mm in diameter were used as main pipe line and lateral
lines respectively. One decare of sprinkle irrigation
system, where average sprinkler pressure is 1.5 atm,
was considered in economic assessments. Sprinkler
pressure was measured with a pitot-tube monometer.
Amount of irrigation water to be applied was divided
by sprinkling rate of the system to calculate irrigation
duration. Sprinkling rate was determined with water
collection containers placed over the experimental plot.

Experimental field (15 decare, 60x250 m) was
plowed with 4-rows plough in autumn, tilled with a
cultivator in December and no other tillage was per-
formed until spring. Base fertilizers (20 kgda™ com-
posed fertilizer 15%N-%15P,05-%15K,0) were ap-
plied in April in spring. Before sowing, seed bed was
prepared by rotary hoe and field was made ready for
sowing. “Alberta” dry bean seeds were used as the
plant material. The dry bean seeds were planted with a
five-row pneumatic seed drill with a spacing of 45 cm
between and 8 cm within rows. Machine hoeing was
performed at the beginning of July and during hoeing,
15 kgda™ urea (46%N) was applied to the field. Manual
hoeing was performed in the middle of July for weed
control. At the beginning of August, machine hoeing
was performed again and 10 kg da™ nitrate fertilizer
(33%N) was applied.Again 10 kgda™ nitrate (33%N)
was applied through fertigation at pod-set period.For
disease and pest control, two treatments were per-
formed for fungal diseases and two treatments were
performed for insects.

The first irrigation was performed on 5 July and the
last one was performed on 30 August (a total of 9 irriga-
tions were performed in both methods). Soil moisture
content was measured before each irrigation. Soil sam-
ples were taken from 0-30 and 30-60 cm soil depths
with a soil auger and moisture content at plant root
region was determined with gravimetric method. Soil
moisture was also measured at sowing and harvest again
with gravimetric method.Experimental soils were shal-
low soils and there was a hard barrier layer at 60 cm.
Therefore, effective root depth was taken as 60 cm.

Harvest was performed manually on 14 September
2016. Harvested beans were threshed with a thresher on
30 September 2016 and plot yields were determined.
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2.2. Production inputs

Production costs apart from irrigations, irrigation
costs, total production costs and unit area (decare) pro-
duction values were calculated. Agricultural practices
were taken into consideration to determine production
costs for 15 decare dry bean sown fields and input costs
were then converted into unit area (da) costs.

Quantities of materials to be used in per unit area of
dry bean farming (seed, fertilizer, chemicals, fuel and
etc.) and duration of utilization (tractor and equipment)
were determined. Material use quantities and durations
were multiplied by unit prices. Seed, fertilizer and
chemical unit prices were taken from invoices of these
materials. Unit time (hour) costs of tractor and other
equipment were determined through dividing purchas-
ing prices (A) by efficient use life (L — hour) (A/L). To
determine duration of use for tractor and other equip-
ment, the durations of each activity over 15 da bean
field (soil preparation, sowing, fertilization, hoeing,
chemical treatments) were determined and total duration
was divided by 15 to convert the values into unit area
(hour decare™). Efficient use life of tractor and other
equipment are provided in Table 3.

Table 3

Efficient use life of tractor and other equipment
(Diepenbrocket al., 1995)

Machinery-Equipment Efficient Life (hours)

Tractor 5000
Plough 2300
Cultivator 2300
Liquid fertilizer spreader 1000
Pulverizator 750
Hoeing machine 1200

To determine fuel consumption in agricultural prac-
tices for bean farming, fuel consumption in each prac-
tice (seed, fertilizer, chemicals, fuel and etc.) was cal-
culated for 15 da experimental plot and resultant values
were divided by 15 to get unit area fuel consumptions
for each practice. Then, total fuel consumption per unit
area was multiplied by fuel price of that period to get
total energy cost.

Human labor was used in hoeing, harvest and
threshing. The labor cost per unit area was also calcu-
lated through dividing total labor cost by 15.

Irrigation system costs, irrigation labor costs and
water+electricity costs were taken into consideration to
calculate unit area costs for irrigation methods. For
irrigation system costs, purchasing prices of sprinkler
and drip irrigation systems for 1 decare and their
economic lifewere taken into consideration. Then,
annual system cost was determined. Irrigation water was
supplied from the hydrant of Groundwater irrigation
cooperative. Irrigation water price was paid over unit-
time pricing of the cooperative. Irrigation water price of
the well with 140 m*hour discharge rate was 36 TL h*

in 2016. These data indicated that the price of 1 m®
irrigation water was 0.257 TL. Unit area irrigation water
costs of irrigation methods were calculated based on this
price. Economic lifes of irrigation system components
are provided in Table 4. Production value per decare
(TL da™) was calculated through multiplying grain
yields of irrigation methods (kg da™*) by dry bean prices
of 2016 (TL kg™).

Table 4
Economic lives of irrigation system components
System components Economic Life (Years)

PVC pipes 15
Sprinklers 8"
Dripper lines 6

. Rodrigues et al., 2013; ™" Farmer declared 6 years of use.
2.3 Economic analysis

Increase in net income is the greatest factor effect-
ing producer adoption of a new growing technique.
“Benefit/Cost Analysis Method” and “Partial Budget-
ing Method” were used in economic analysis of field
experiments (Sezen et al., 2012). Since dry bean is an
annual crop, “Partial Budgeting” was used in economic
analysis. The method is also simple and effective.
Partial Budgeting depends on comparison of additional
benefits with additional costs of a new production
technique or any decisions.

Since the effects of sprinkler and drip irrigation
methods on dry bean yields under Konya basin condi-
tions were investigated in this study, financial equiva-
lents of yield differences caused by irrigation methods
(increase in gross production value) were compared
with additional costs caused by the irrigation methods.
Since all production cost apart from irrigation were
kept constant, additional costs covered only the irriga-
tion-related ones. The yield obtained from unit area
was multiplied by product unit price to get gross pro-
duction value. Product unit prices were the prices of-
fered by merchants for product samples.

3. Results and Discussion

3.1. Amount of irrigation water and yield of irrigation
methods

Irrigation dates, amount of irrigation water applied
and seasonal plant water consumption values for sprin-
kler and drip irrigation methods are provided in Table
5.

Since seeds were sown to seed beds, germination
and emergence irrigations were not performed. The
first irrigation was performed when 65% of available
water was depleted. A total of 9 irrigations were per-
formed in both methods and the last irrigation was
performed on 30 August 2016. Of these irrigations, 4
were performed in July and 5 in August (Table 5).
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Table 5
Amount of irrigation water applied in each method (mm)

Irrigation Sprinkler Irrigation (SI) Drip Irrigation (DI)

date Irrig. duration (hours)  Applied water (mm) Irrig. Duration (hours)  Applied water (mm)
5.7.2016 4.7 49.3 4.1 459
12.7.2016 4.4 46.2 3.8 42.6
19.7.2016 4.8 50.4 4.1 45.9
26.7.2016 5.1 53.5 4.3 48.2
02.8.2016 5.3 55.6 4.5 50.4
09.8.2016 5.2 54.6 4.4 49.3
16.8.2016 5.0 52.4 4.3 48.2
23.8.2016 4.6 48.3 3.9 43.7
30.8.2016 4.1 43.0 3.4 38.1
Total 43.2 453.4 36.8 412.3
Seasonal water consumption (mm) 520.4 515.7

There were 56 days between the first and the last ir-
rigation. Crop water need gradually increased until
mid-August and relatively decreased after mid-August.
A total of 453.4 mm irrigation water was applied in
sprinkler irrigation and 412.3 mm was applied in drip
irrigation. Seasonal crop water consumption at full
irrigation was 520.4 mm in sprinkler and 515.7 mm in
drip irrigation.

Average dry bean yields obtained from sprinkler
and drip irrigation methods are provided in Table 6.

3.2. Economic analysis of irrigation methods

3.2.1.Production costs

To determine the costs other than irrigation, tractor,
machinery-equipment, fuel, seed, fertilizer, chemicals
and labor costs were taken into consideration. General
characteristics of tractor, machinery-equipment is pro-
vided in Table 7. Farmer owned the machinery-
equipment used in experiments. Tractor was bought as
second-hand and 68 000 TL was paid for 3700 hours

The yield per decare was 265.3 kg in sprinkler irrigation
and 284.5 kg in drip irrigation. However, the differences
in yields of irrigation methods were not found to be
significant.

Table 6
Yields of irrigation methods

Irrigation method Yield (kg da™)
SI 265.30
DI 284.54

effective life. The effective life of tractors was assumed
to be 5000 hours.

The other production costs of dry bean farming are
provided in Table 8. All incurred costs in this study
were calculated from the actual values. Soil tillage,
seed and sowing, fertilizer, hoeing, chemicals, harvest
and threshing costs were calculated. Since different
fertilizers were used and they have different prices,
total fertilizer cost calculations are provided in Table 9.

Table 7
Technical specifications for tractor and other equipment
Purchasing Effective life Working width Weight Unit price
price (TL) (hours)* (m) (kg) (TLhY)
78.2 kW Tractor 68000 3700 - 3500 18.38
Plough 7600 2300 1.2 800 3.3
Cultivator 9000 2300 2.75 520 3.91
Fertilizer spreader 2200 1000 10 210 2.2
Pulverizator 1600 750 10 140 2.133
Hoeing machine 10000 1200 2.70 630 8.33

*: Diepenbrock et al. (1995)
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Table 8
Basic production inputs and costs in dry bean farming (TL da™)
Material Material Use Unit Price Unit Value
Duration Amount Quantity (TL) (TL da™)
(h da™) (kg da™ (L da™)
Soil tillage Tractor 0.288 18.38 5.30
Plough 0.225 3.3 0.75
Cultivator 0.062 3.91 0.25
Fuel 3.5 4.0 14
Total 20.30
Seed+ Sowing Seed 10 4.5 45
Sowing 25
Total 70
Fertilizer+ Fertilizer 77.25
Fertilization Tractor 0.14 18.38 2.57
Fertilizer spreader 0.14 2.2 0.31
Fuel 0.25 4 1.0
Total 81.13
Hoeing Tractor 0.075 18.38 1.38
Hoeing machine 0.075 8.33 0.62
Fuel 0.75 4 3
Labor 55
Total 60.0
Chemicals- Chemicals 10
treatments Tractor 0.03 18.38 0.55
Pulverizator 0.03 2.133 0.064
Fuel 0.15 4 0.60
Total 11.21
Harvest Labor 37
Total 37
Threshing Tractor 0.5 18.38 9.39
Thresher - -
Labor 6.6
Fuel 15 4 6
Total 22.05
General Total (TL da™) 301.69
Table 9
Fertilizer costs
Irrigation Applied Fertilizers Fertilizer Unit Price Unit Area Fertilizer
Method (TL 50 kg™)* Cost
Type Quantity (kg da™) (TL da™)
Sl Composed (15-15-15) 20 77.5 31
DI Urea (46%) 15 67.5 20.25
Nitrate (33%) 20 65 26
Total 77.25

*: Unit prices for relevant year.

The total of other costs was calculated as 301.7 TL
da™ (Table 8). Fertilizer and fertilization, seed and sow-
ing and hoeing practices which were calculated as 81.
70, and 60 TL da,™ respectively, accounted for the ma-

jority of the costs in dry bean farming. Chemicals +
treatments constituted the least portion of that total sum
(11.2 TL da™b).
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3.2.2. Irrigation costs

Irrigation costs are composed of irrigation system,
water+energy and labor. The cost calculation for irriga-
tion systems are provided in Table 10 and 11. Irrigation
water + energy cost calculations are provided in Table
12.

The annual total irrigation system cost for drip irri-
gation with one lateral line for each plant row was
calculated as 56.7 TL da™ (Table 10) and about 82% of
this sum was constituted by dripper lines.

For sprinkler irrigation method, annual system cost
per unit area was calculated as 28.1 TL. About 13 TL
of system cost was constituted by lateral pipe lines and
12 TL by sprinklers.

As can be seen from Table 12, cost of irrigation
from deep well was higher in sprinkler irrigation (116
TLda™) than drip irrigation (106 TL da™)

Total irrigation costs of the methods are provided in
Table 13. Total irrigation cost was higher in drip irriga-
tion than sprinkler irrigation.

Table 10
System cost for drip irrigation method (TL da™)
Pipe costs 2
Lateral pipes (@ 16 mm) Manifold (@ 90 mm) Main line (@ 125 mm) 8 77;
o
v - 2] 23
[<5] E [<5] E [<5] Sl e
g 2 5 3 3 2 = L L o = pet
— —_ 172 — —_ |72 — —_ = S
s Sy 8 & =2¢ 8% B Sx 8 &s
L Se 58 £% Sk S5 e S°e S 5> SE
s e E2 3% 2o E5 BE &o  ELF E¢
E &< <t~ zE Tkt <t zE bt <2 <8
2222 0.125 46.29 8.0 6 3.2 8.3 13 7.2 56.70
*:Market prices of the relevant year.
Table 11
System cost for sprinkler irrigation method (TL da™)
Pipe costs Sprinkler set costs =
Lateral pipe (@ 90 mm) Main line (@ 125 mm) 5
g
i‘\ o X — i‘\ —~ =
. B o % g & % 8
= = = 1S e < S 3 £ ©
L E o > = | - > o > 2 > 8y
S ® 838 S 'S 83 S 3 w2 g® 2T
S L O 5 QL ) 5 5 Q.2 O -
< L = R L0 = R e S5 S8 SE
£z BT & E2 EBE & Eo Bz =g Eo Es
JE E > <t zZzE > <t zE ST <kt <&
500 33.33 6 13.33 3.0 13 2.6 3.3 29.5 122 281
* Market prices of the relevant year.
Table 12
Unit area irrigation water + energy costs
Irrigation water + energy costs
Irrigation Well Well operating  Unit price of Applied total Irrigation costs from
methods discharge price per hour water amount of irrigation the well
(m*h™) (TLhY (TLm?®) water (mda™) (water-+electricity)
(TL da™)
Si 140 36 0.257 453.4 116.52
DI 140 36 0.257 412.3 105.96
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Table 13

Total irrigation cost of the methods (TLda™)

Irrigation Cost

methods System cost Water + energy cost Irrigation labor Total irrigation costs
(TLda™) (TLda™) (TLday* (TLda™)

] 28.10 116.52 24 168.62

DI 56.70 105.96 24 186.66

*: Irrigation labor of 150 da including experimental field (system installation + irrigations + system removal and etc.) was performed by a single
worker and 1200 TL was paid monthly. Bean farming was carried out for 3 months, thus the labor cost per unit area was calculated as 24 TL (1200
TL x 3 months / 150 da =24TLda™).

The total irrigation cost per decare was calculated numbers indicated that there were not significant dif-
as 186.66 TL for drip irrigation and as 168.62 TL for ferences in total costs of both methods. Similarly, Na-
sprinkler irrigation. For drip irrigation, about 30.4% of rayanamoorthy (2008) indicated that there were not
total cost was composed of system, 56.7% by water + significant differences in production costs of sprinkler
energy and 12.9% by labor. For sprinkler irrigation, and drip irrigation for cotton farming. Irrigation costs
16.7% was composed of system, 69.1% by water + constituted 35.9% of total production costs in sprinkler
energy and 14.2% by labor cost. irrigation and 38.2% in drip irrigation. Sezen et al

(2012) reported that irrigation costs constituted about
3.2.3. Total production costs 25.8% of total production costs in pepper production.

Cetin and Uygan (2008) indicated that irrigation costs
Annual total production costs of dry bean farming constituted about 16% of total production costs in to-
under drip and sprinkler irrigation methods are provid- mato farming. Topak et al (2014) reported that irriga-
ed in Table 14. The total production cost was calculat- tion costs constituted about 55% of total production
ed as 488 TL da™ for drip irrigation with 45 cm lateral costs in sugar beet farming with drip irrigation.

spacing and 470 TL da™ for sprinkler irrigation. Such

Table 14

Total production costs of dry bean farming

Costs
Irrigation Irrigation costs Total irri- Dry bean pro- Annua_l total
— . - production cost
methods System cost Water + energy Irrigation labor ~ gation costs ~ duction costs (TLda™)
(TLda™) cost (TLda™) (TLda™)* (TLda™) (TLda™)
Sl 28.10 116.52 24 168.62 301.69 470.31
DI 56.70 105.96 24 186.66 301.69 488.35
3.2.4. Gross production value 3.2.5. Assessment of irrigation methods with regard to
net incomes
Production value per decare of dry bean under dif-
ferent irrigation methods was calculated and provided Net incomes of irrigation methods are provided in
in Table 15. As can be seen from the table, dry bean Table 16. With regard to net income, sprinker irrigation
unit prices were different. These prices were quoted exhibited relatively better performance than drip irriga-
by the merchants to the samples according to their tion. Net income was calculated as 458TLda™ for sprin-
quality in October 2016. The gross income per decare kler and 422TLda™ for drip irrigation. These numbers
was calculated as 928 TL for sprinkler and 910 TL for indicated that sprinkler irrigation provided 9% more
drip irrigation. There were not significant differences income than drip irrigation.
in gross incomes of irrigation methods.
Table 16

Table 15 Net incomes of sprinkler and drip irrigation (TLda™)
Gross income values of drip and sprinkler irrigation Annual total Grossinco-  Net income
Irrigation  Grainyield  Unitprice  Gross income Irrig. production me per unit per unit
method (kgda™)  (TL kg™ (TL da™) method costs area area
Sl 265.30 3.50 928.55 (TL da™) (TL da™) (TL da™)
DI 284.54 3.20 910.53 Sl 470.31 928.55 458.24

]| 488.35 910.53 422.18
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4. Conclusion

Present findings revealed that there were not signifi-
cant differences between sprinkler and drip irrigation in
dry bean farming with regard to total irrigation costs
and net incomes. In brief, both sprinkler irrigation and
drip irrigation provided quite close net incomes in dry
bean farming.
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Biological control

Fall webworm (Hyphantria cunea Durry, Lepidoptera: Arctidae) is an
important pest infecting about 600 hosts. It is harmful especially in hazelnut
orchards in the Black Sea Region and is becoming epidemic occasionally. It
may cause damage in mulberry, cherry, apple, poplar, and willow beside
hazelnut in the region. Due to having a polyphagous feeding behavior and a
high reproduction power; fall webworm can spread rapidly and make difficult
to manage. In the region, currently, mostly chemical control is applied against
this pest. Due to adverse effects of the chemical control to the environment and
to living organisms, it is inevitable to develop other alternative control methods
for this pest. In this study, the effects of some entomopathogenic fungi isolates
obtained from Palomena prasina which is another pest in hazelnut production
areas, on H. cunea in laboratory conditions. Overall, 1x10® conidia mL? of
concentration obtained from 2 isolates of Simplicillium lamellicola (TR-01 and
TR-02) and 4 isolates of Lecanicillium muscarium (TR-04, TR-05, TR-07 and
TR-08) was used against 3" period larva of the H. cunea. The experiment was
conducted with four replications, 10 larvae individuals in each. Mortality of H.
cunea were reported daily, over 12 days. At the end of 12" day, among the
isolates of entomopathogenic fungi, the TR-05 isolate of the L. muscarium
ranked the highest mortality by 93.9% rate. Effect of the other isolates of L.
muscarium varied between 72.7% and 90.9%. The TR-01 isolate of the S.
lamellicola showed effect of 57.6%, and the TR-02 isolate showed effect of
78.8% mortality. Effects of all the isolates used in the study were differed from
the control (P<0.05). Based on LTs, and LTy, values, the most effective isolate
was identified as TR-04 (5.64/day and 9.38/day, respectively). It can be
concluded that, the isolates of L. muscarium was found quite effective and it
could be a promising agent for controlling this pest in the field in the future.

1.Introduction

The Fall Webworm (Hyphantria cunea Drury)
(Lepidoptera: Arctiidae) is a polyphagous pest that is
native to the USA, Canada, and Mexico. It is also seen
across Europe, Russia, Georgia, Iran, China, New
Zealand, Korea, Japan, and Turkey (Yang et al., 2008).
This pest is considered to have many hosts in the world
with the ability to infect about 600 plant species including
fruit trees, forest trees, ornamental plants, vegetables, and
weeds (Waren and Tadic, 1970; Rezaei et al., 2006). The
H. cunea is subject to in external quarantine applications
worldwide and gives serious damage to agricultural areas

* Corresponding author email: isaruhan@omu.edu.tr

and forests. This pest causes dehydration in all parts of its
host plants. Since the pest is polyphagous and has a high
reproductive rate, it can spread rapidly, making it difficult
to control (Ecevit et al., 1994, Tuncer and Kansu, 1994,
Yaman et al., 2001, Akkuzu and Mol, 2006, Saruhan et
al., 2014). For this reason, highly effective insecticides
are used for its control.

Currently, the farmers have different synthetic
insecticides or only a microbial insecticide containing
Bacillus thuringiensis var. kurstaki strain Pb-54 using
option to reduce the loss of this insect in hazelnut
orchards in Turkey. Unfortunately, alternative control
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methods are limited to manage this pest. Negative
effects of the chemical control on human health and
environment are well-known. Thus, alternative control
methods to the chemical control are needed.
Consequently,  biological  control in  which
entomopathogens are used might be an alternative
control method. Entomopathogenic fungi are common
natural enemies of arthropods worldwide, attracting
attention as potential biological control agents. There
are more than 700 species of entomopathogens in the
fungi kingdom (Roy et al., 2006; Sandhu et al., 2012).
Fungal entomopathogens such as Beauveria bassiana
(Balsamo) Vuillemin, Isaria farinosa, 1. fumosorosea,
Metarhizium anisopliae, Lecanicillium spp. and
Simplicillium spp. play an important role in the
management of insect populations (Shah and Pell,
2003; Zimmermann, 2008; Gurulingappa et al., 2011).

Lecanicillium  spp., formerly known as
Verticillium lecanii, (Zare and Gams, 2001,
Zimmermann, 2008;) are opportunistic and widely
distributed ascomycete fungi of the order Hypocreales.
Following a critical taxonomic review using rDNA
sequencing to assess diversity within the taxon (Zare
and Gams, 2001), the species was divided into a
number of new taxonomic entities, including L. lecanii,
L. longisporum, L. attenuatum, L. muscarium and L.
nodulosum (Brodeur, 2012). L. muscarium is a well-
known pathogen of arthropods. This species was
isolated from aphids, scales, whiteflies, thrips and other
insects (Askary and Yarmand, 2007; Kunimi, 2007;
Goettel et al., 2008; Anand and Tiwary, 2009; Guclu et
al., 2010; Saruhan et al., 2015). Lecanicillium
muscarium is currently in the process of being made
available as a commercial bioinsecticide, for example,
Mycotal® (Koppert BV, Berkel en Rodenrijs,
Netherlands), for use against whiteflies and thrips, and
Verticilin® (Koppert BV, Berkel en Rodenrijs,
Netherlands), for use against whiteflies and aphids
(Goettel et al., 2008; Brodeur, 2012). The genus
Simplicillium presently consists of three species:
Simplicillium lanosoniveum, Simplicillium obclavatum
and Simplicillium lamellicola (Nonaka et al., 2013).
Some studies reported that S. lamellicola was used to
control ticks (Polar et al., 2005), Heterodera glycines
Ichinohe cysts and Meloidogyne arenaria eggs (Gams,
1988).

A number of studies on the use of some
entomopathogenic fungi against the H. cunea (Sullivan
et al., 2011; Iskender et al., 2012; Qin et al., 2012;
Ajamhassani, 2013; Zibaee et al., 2013) were reported
in the world. Three isolates of B. bassiana tested on
larvae of H. cunea caused mortality between 90+5.77%
and 96.6+3.33% (Iskender et al., 2012). In other study,
the efficacy of B. bassiana strains FD and
Paecilomyces farinosus strains SH9-4 on mature larvae
of H. cunea were determined, and five days after
inoculation, the corrected mortalities and LTs, values
of B. bassiana and P. farinosus against the larvaes

were detected to 92.4%, 94.9%, and 87.06 h, 92.34 h,
respectively (Qin et al., 2012).

The aim of this study was to determine the
pathogenicity of six isolates of entompathogenic fungi
belonging to L. muscarium and S. lamellicola against
3" period larvae of the H. cunea in laboratory
conditions.

2. Material And Methods

2.1. Fungi Cultures

A total of six isolates of entomopathogenic
fungi isolated from infected Palomena prasina
(Heteroptera: Pentatomidae) in hazelnuts orchards in
Black Sea region of Turkey were used in this study
(Table 1) in 2015. The single-spore cultures of S.
lamellicola (TR-01 and TR-02 isolates) and L.
muscarium (TR-04, TR-05, TR-07 and TR-08 isolates)
were stored at 4°C on Sabouraud dextrose agar (SDA)
(Merck Ltd., Darmstadt, Germany) slants and also in
cryogenic tubes containing 15% glycerol kept at —
80°C, and deposited in the fungal culture collection of
the Mycology Laboratory at the Ondokuz Mayis
University, Faculty of Agriculture’s Department of
Plant Protection in Samsun, Turkey and in the USDA-
ARS Entomopathogenic Fungal Culture Collection in
Ithaca, NY.

2. 2. Insect cultures

The pupae of H. cunea were collected from
various hazelnut production areas in the Carsamba
district of Samsun province. Firstly, fertile adults of H.
cunea were obtained from the pupae brought to the
laboratory, and needed eggs were produced from adult
females. Same age 3" instar larvae hatched from
related eggs were used in the study.

2.3. Inoculum of entomopathogenic fungi
isolates

The six entomopathogenic fungi isolates
belonged to S. lamellicola (TR-01 and -02) and L.
muscarium (TR-4, -5, -7 and -08) were incubated on
potato dextrose agar (PDA; Oxoid Ltd., Basingstoke,
UK) at 25+1 °C for 2 weeks to obtain conidia which
were suspended in sterile distilled water, filtered
through three layers of sterile cheesecloth, and diluted
to a concentration of 1x0® conidia mL™ of each isolate
plus 0.02% Tween 20.

2.4. Experimental design

Ten third instar H. cunea larvae were located in
1 L plastic ice-cream cups (disinfected by 70% ethanol)
containing 4 fresh maple leaves. Bottoms of ice-cream
cups were covered by filter paper that moisturized by
sterile-distilled water. Conidial suspension (1x10°
conidia mL™) of the each entomopathogenic fungus
(TR-01, -02, -04, -05, -07 and -08) was applied to the
3" instar H. cunea larvae (2 mL per ice-cream cup)
using a Potter spray tower (Burkard, Rickmansworth,
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Hertz UK). The spray tower was cleaned with 70%
ethanol and sterile distilled water after each application

Table 1. Species, hosts and locations of isolates of entomopathogenic fungi used in this study.

ARSEF accession Location of
Species / Isolate denomination numbers Host collection

Simplicillium lamellicola/ (TR-01) ARSEF 11727 Palomena prasina Giresun
Simplicillium lamellicola/ (TR-02) ARSEF 11728 Palomena prasina Ordu
Lecanicillium muscarium / (TR-04) ARSEF 11730 Palomena prasina Ordu
Lecanicillium muscarium / (TR-05) ARSEF 11731 Palomena prasina Samsun
Lecanicillium muscarium / (TR-07) ARSEF 11733 Palomena prasina Ordu
Lecanicillium muscarium / (TR-08) ARSEF 11734 Palomena prasina Diizce

of the fungus suspension for the sterilization of
the apparatus. Only sterile-distilled-water containing
0.02% Tween 20 was sprayed to control ice-cream
cups. They were incubated at 25+£1°C and 75+5%
relative humidity (RH), 16:8 h light: dark photoperiod
in a Binder incubator (Model KBWF 240; Germany).
Polyethylene sheets were used along with rubber to
cover open side of cups. All cups were inspected daily
for twelve days. Fresh maple leaves were added when
needed. Dead individuals on which the fungal
sporulation observed were counted under a Leica EZ4
educational stereomicroscope at 40-70X magnification.
Mortality was recorded daily basis and dead
individuals were removed from cups. Evidence of
Lecanicillium and Simplicillium on nymph cadavers
were verified by microscopic inspection. The
experiment was conducted once, with four replications
(Saruhan et al., 2015).

2.5. Conidial germination assessment

The viability of conidia of the six isolates
belonging to S. lamellicola and L. muscarium was
determined. A spore suspension (100 pL) of each the
isolate at 1x10* conidia mL™ was sprayed onto 6-cm-
dia. Petri dishes. This dishes containing PDA were
incubated at 25+1 °C for 24 h. Then, percentages of
germinated conidia were counted using an Olympus
CX-31 compound microscope (Olympus America Inc.,
Lake Success, NY) at 400X magnification. Conidia
were considered as germinated when they produced a
germ tube at least half of the conidial length.
Germination ratios for each isolate were calculated
after examining a minimum of 200 conidia from each
of three replicate plates (Saruhan et al., 2015).

2. 6. Statistical analysis

The mortality was noted over 12 days fallowing
each application. Dead individuals were counted under
stereoscopic microscope and percent mortality was
calculated. The mortality data was corrected by
Abbott’s Formula (Abbott, 1925). Fifty percent lethal
time (LTso) and ninety percent lethal time (LTgo) were
determined using the probit analysis by SPSS (Ver. 21)
program. The effects of mortality of the H. cunea was
analyzed using two-way analysis of variance
(ANOVA) (P=0.05), followed by a comparison of
means using Duncan’s multiple range test (SPSS).

3.Results

According to the results of in vitro tests to
determine the insecticidal effects of entomopathogenic
fungi, at the end of day 12, mortality rate of S.
lamellicola isolate TR-01 was 57.58%, whereas TR-02
was more effective with mortality rate of 78.79%.
Deaths in both isolates of S. lamellicola were rapid in
the first three days and slow in the following days, with
the most deaths occurring at the end of day 12. Among
four isolates of L.  muscarium, another
entomopathogenic fungus used in the study, the most
effective isolate was TR-05 with mortality rate of
93.94%. The mortality rates of the other isolates in this
group were 90.91%, 75.76% and 72.73% for isolates
TR-04, TR-07 and TR-08, respectively. The mortality
rates in the isolates belonging to L. muscarium
generally increased after day 5 and mortality in isolates
of S. lamellicola also increased on day 12 in the group
(Table 2).
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Table 2. Mortality percentages on 3" instar larvae of Hyphantria cunea by using the isolates of entomopathogenic
fungi, Lecanicillium muscarium and Simplicillium lamellicola.

Isolat Days

solates 1 3 5 - 9 7
TR-01 0.0 17,5 20.0 350 40.0 57,58 Db*
TR-02 0.0 27,5 325 450 550 78,79 a
TR-04 0.0 12,5 52,5 80.0 875 90,91 a
TR-05 0.0 10.0 375 575 650 93,94 a
TR-07 0.0 125 375 525 575 75,76 a
TR-08 0.0 225 450 50.0 60.0 72,73 ab
Control 0.0 02,5 07,5 125 15.0 1750 c

* The same small letters within columns indicates no significant

(P<0.05)

When the LTs, rates of the isolates used in the
study were examined, the most effective isolate found
as TR-04 (5.64/day). This was followed by TR-05
(6.88/day), TR-08 (7.38/day), TR-02 (7.64/day), TR-07
(7.65/day) and TR-01 (9.77/day). Based on LTy rates,

differences between means

the most effective isolate was also TR-04 (9.38/day).
This was followed by TR-05 (11.00/day), TR-07
(13.19/day), TR-08 (13.79/day), and TR-01
(16.84/day) (Table 3).

Table 3. Lethal time (LTs and LTg) values of 3 instar larvae of Hyphantria cunea treated the isolates of
entomopathogenic fungi, Lecanicillium muscarium and Simplicillium lamellicola (day).

Isolates LTso (95% confidence limit) LTgo (95% confidence limit) xz

TR-01 9,77(8,67-11,37) a* 16,84(14,45-21,11) a 4,76
TR-02 7,64(5,91-10,09) ab 13,82(11,01-21,73) ab 7,83
TR-04 5,64(3,25-07,78) b 9,38(07,38-15,95) ab 18,01
TR-05 6,88(6,25-07,54) b 11,00(10,02-12,43) b 5,79
TR-07 7,65(6,15-09,61) ab 13,19(10,83-18,94) ab 7,09
TR-08 7,38(5,41-10,05) ab 13,79(10,80-23,25) ab 8,93

* The same small letters within columns indicates no significant differences between means (P<0.05)

4.Discussion

This study revealed that the six isolates
belonging to both entomopathogenic fungi were
effective at different levels against the 3" instar larvae
of H. cunea.

Various researchers also reported that L.
muscarium was used effectively for different biological
states of different pests in the world (Cuthbertson and
Walters, 2005; Guclu et al., 2010; Luz et al., 2010;
Saruhan et al., 2015).

All isolates of L. muscarium used in the study
were found to be effective against the larvae of H.
cunea. The TR-05 isolate of L. muscarium was the
most effective isolate at the end of day 12, while TR-04
isolate showed a similar effect. Based on the
distribution of the mortality rates by day of the larvae
of H. cunea, TR-08 isolate caused a rapid death in the
first days but the mortality rate decreased in the
following. The larvae mortality rates of the TR-07, TR-
05 and TR-04 isolates of L. muscarium used in the

study were lower in the first days, while the mortality
rate increased in the following. In fact, TR-05 isolate
reached 50% mortality in three days. When the LTs
and LTq rates of the L. muscarium isolates used were
examined, TR-04 isolate (5.64 (min: 3.25 - max: 7.78
days)) had a faster effect and this was followed by
other L. muscarium isolates. According to a previous
study where some isolates of L. muscarium were tested
against Ricania simulans, LTs, rates varied between
3.90 and 4.80 days (Guclu et al., 2010). Erper et al.
(2016) investigated the activity of 4 isolates of L.
muscarium against P. prasina, and found that LTs
rates ranged from 3.20 to 6.90 days. In another study,
L. muscarium (TR-08) was used against Aphis fabae
and the LTs, rate was 1.77 at 20°C and 1.93 days at
25°C (Saruhan et al., 2015). In a similar study, an
isolate of L. muscarium was tested against some
mosquito species and LTs, rates varied between 7.2
and 11.0 days (Luz et al., 2010).

Simplicillium lamellicola isolates used in the
study had a relatively lower effect on the larvae of H.
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cunea than isolates of L. muscarium. TR-02 (78.79%)
isolate belonging to S. lamellicola showed a higher
effect at day 12 than TR-01 (57.58%) isolate. The
effect of S. lamellicola isolates on the larvae of H.
cunea was shown to take longer than those of other L.
muscarium isolates used in the study, with a mortality
rate of 50% at days 6 to 11. In a study conducted by
Ausique et al. (2017), Simplicillium sp. isolate
ESALQ-1448 was tested against Aphids and identified
that the LTs, rate was over 10 days. In another study,
four different isolates of S. lamellicola were used
against adult mosquitos and mortality rates were
between 53.2% and 63.9% at the end of day 14 (Ishii et
al., 2015). Iskender et al. (2012) found that three
isolates of B. bassiana tested on H. cunea larvae
caused mortality between 90+5.77% and 96.6+3.33%.
Similarly, the efficacy of B. bassiana strains FD and P.
farinosus strains SH9-4 on mature larvae of H. cunea
were determined using crawling contact inoculation
method, and 5 days after inoculation, the corrected
mortalities and LTy, values of B. bassiana and P.
farinosus against the larvae of H. cunea were detected
to 92.4%, 94.9%, and 87.06 h, 92.34 h, respectively
(Qin et al., 2012).

As a result, the isolates of L. muscarium (TR-
04, TR-05, TR-07 and TR-08) and S. lamellicola (TR-
01 and TR-02) used in the study were found to be
effective against the larvae of H. cunea. It was
determined that the most effective isolates are TR-04
and TR-05 isolates of L. muscarium in particular, and
these isolates can be identified as the most promising
isolates that can be used in controlling these pests in
biological control or integrated pest management
efforts in field conditions.
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Mucopolysaccharidosis 11ID (MPSIIID) is an inherited lysosomal storage
disease resulting from lack of the activity of the N-acetylglucosamine-6-
sulfatase, which is one of the enzymes involved in the step-wise degradation of
heparan sulfate. MPS I1ID in goats has been described and characterized. Goats
with this disorder demonstrate delayed motor development and growth retarda-
tion. Even if they reach sexual maturity, they will suddenly die from conges-
tive heart failure. A molecular base for this disorder is a nonsense mutation at
nucleotide 322 (C—T) results in the change of the arginine codon to a stop
codon, which leads to stop enzyme function. However, this also creates a
recognition site for Alul restriction enzyme for a genetic analysis. The aim of
this study is to detect the presence of MPS IlID genetic disorder in Turkish
native goat breeds. A total of 120 blood samples from 13 different native goat
breeds were used as a material. Polymerase chain reaction (PCR) - Restriction
fragment length polymorphism (RFLP) and DNA sequence data were utilized
to identify the goat populations. The result of this study indicates nonsense
mutation that causes MPS I1ID genetic disorder is found in none of Turkish
Native Goat breeds. However, a silent mutation was found at nucleotide 354

(T—C) when compared with reference sequence.

1. Introduction

The mucopolysaccharidoses (MPS) are lysosomal
storage diseases characterized by inherited deficiencies
of lysosomal enzymes catalyzing the stepwise degrada-
tion of glycosaminoglycans (GAGs) (Liour et al 2001,
Neufeld and Muenzer 2001). Depending on the enzyme
deficiency, the catabolism of GAGs may be blocked
and results in an accumulation of GAGs or partially
degraded GAGs in lysosomes of cells of various tis-
sues, and an increase in their excretion in urine. In-
tralysosomal accumulation of GAGs eventually leads
to cell, tissue, and organ dysfunction (Coutinho et al
2012). One group of these disease is known as a Mu-
copolysaccharidosis type 11l (MPS I1l) or Sanfilippo
syndrome. MPS |11 is an autosomal recessive disorder
including four subtypes (A-D) characterized by the
inability to one of the four enzymes involved in lyso-
somal degradation of heparan sulfate (HS), a GAGs
(Mok et al 2003). Animal models for this syndrome

* Corresponding author email: ygedik@agri.ankara.edu.tr

including feline, canine, murine and caprine have been
described (Thompson et al 1992).

Caprine MPS 11D is caused by a deficiency in N-
acetylglucosamine 6-sulfatase (GNS) activity in lyso-
somes due to a single base mutation in the 5’coding
sequence of this enzyme. The consequent lack of GNS
activity in goats leads to the primary accumulation of
uncatabolized HS in lysosomes and marked cytoplas-
mic vacuolation in the central nervous system and
somatic tissues (Downs-Kelly et al 2000, Jones et al
2004). There is phenotypic variation in MPS 111D dis-
ease expression with mild and severe forms affected
goats among which delayed motor development,
growth retardation and early deaths are main symptoms
(Smith and Sherman 2009).

Analysis of caprine GNS’s cDNA cloning and se-
guencing was introduced for the first time by (Friderici
et al 1995) based on the result determination of cDNA
defect in caprine MPS 11D has been made in the sub-
sequent research (Cavanagh et al 1995). Finally, the
PCR-based test has been described to identify the dis-
order in goats (Leipprandt et al 1995). The molecular
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base for this disorder is a nonsense mutation, changing
a Cto T in codon 102 of the 559-amino acid GNS
gene. This mutation also creates a recognition site for
Alul restriction enzyme which make possible PCR-
RFLP.

Up to now this genetic disorder is only identified in
Nubian goats and their crosses. The aim of this study is
to detect the presence of MPS I1ID genetic disorder in
Turkish native goat breeds.

2. Materials and Methods

Sample collection and DNA isolation

Blood samples were collected from different goat
breeds reared in some universities and private farms in
various cities in Turkey. Information about the samples
used in the study is presented in Table 1.

Table 1

Sampling location and sample size (n) of Turkish na-
tive goat breeds

Breed Abbreviation Sampling location n
Honaml HNM Antalya 10
Kilis KLS Kilis, Hatay, Urfa 12
Norduz NRD Van 10
Gokgeada GKC Canakkale 10
Malta MLT Edirne, Konya 10
Saanen SNN [zmir, Konya 10
Halep HLP Konya,Antep 10
Akkegi AKK Ankara 5
Kil KIL Ankara 6
Ankara ANK Konya 10
Giircii GRC Ardahan 7
Ispir ISP Rize 10
AbazaXKacgkar AXK Artvin 10
Total 120

Blood samples were collected by puncture of jugu-
lar vein into sterile tubes containing EDTA. The ge-
nomic DNA was excracted from 500 pl of whole blood
samples using the standard salting-out method (Miller
et al. 1988). The quality of DNA was checked on % 1
agarose gel electrophoresis and quantity by spectropho-
tometer at Aggg/ Agzgo NM.

Polymerase Chain Reaction and Enzyme Digestion

The primer used for amplification of the GNS gene
including mutation site MPS IlID- F: 5-CTT ATG
TGC CAA GTG CTC TC-3" and MPS IlID- R: 5'-CCT
CCA GAG TGT TGT TAA CC-3' are described by
(Leipprandt et al 1995). The PCR reaction was carried
out 1 pl of genomic DNA, 200 uM each dNTP, 0.10
puM of forward and reverse primers and 1.25 U Tag
DNA polymerase to make final volume 25 pl. PCR

conditions were 94 °C for 7 min followed by 35 ther-
mal cycles of 30 sec at 94 °C, 30 sec at 55 °C, 30 sec at
72 °C and final extension at 72 °C for 10 min. PCR
products were checked for right band size using 2%
agarose gels. The amplicons produced were digested
with Alul at 37 °C for at least 2 hours, and fragments
were separated in a 2% agarose gel stained with ethidi-
um bromide by electrophoresis.

DNA sequencing

The sequence PCR was done with the BigDye Ter-
minator v3.1 cycle sequencing kit (Applied Biosys-
tems, Foster City, USA), using amplification primers.
PCR fragments were sequenced using an ABI PRISM
3130 automatic sequencer (Applied Biosystems, Foster
City, USA) in both directions. Raw sequencing data
were visualized in “FinchTv Version 1.4.0” as chroma-
tograms. Sequences were aligned by the ClustalW
method, a component of the program MEGA 6.0
(Tamura et al.2013) and saved as a MEGA alignment
file. DNA sequencing results of 120 samples were
aligned to C. hircus GNS gene reference sequence
(U17694.1).

3. Results and Discussion

96 bp fragments of the GNS gene that contains the
mutation site causing MPS 111D genetic disorder have
been amplified by PCR. After digestion with Alul, all
samples showed a negative result for the 322 (C-T)
mutation of GNS on both heterozygous and homozy-
gous recessive genotypes (Figure 1). DNA sequencing
results also showed no mutation at this site.

Figure 1
PCR-RFLP results of 6 samples. M; 50 bp DNA ladder.

As a comparison with the reference sequence, it
was determined that all the samples were polymorphic
at position nucleotide 354. This polymorphism has
been determined to be a point mutation in the CAT (C-
T) code responsible for the synthesis of the histidine
amino acid, and that the new CAC codon resulting
from this mutation is a silent mutation as it encodes
histidine amino acid (Figure 2).
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322

354

U17694 CTTATGTGCCAAGTGCTCTCTGCTGCCCGAG AGCCAGCATCCTGACAGGGAAGTACCCA ATCATCACGTGGTTAACAACACTCTGGAGG

HNM CTTATGTGCCAAGTGCTCTCTGCTGCCCGAG AGCCAGCATCCTGACAGGGAAGTACCCA
KLS CTTATGTGCCAAGTGCTCTCTGCTGCCCGAG AGCCAGCATCCTGACAGGGAAGTACCCA
NRD CTTATGTGCCAAGTGCTCTCTGCTGCCCGAG AGCCAGCATCCTGACAGGGAAGTACCCA
GKC CTTATGTGCCAAGTGCTCTCTGCTGCCCGAG AGCCAGCATCCTGACAGGGAAGTACCCA
MLT CTTATGTGCCAAGTGCTCTCTGCTGCCCGAG AGCCAGCATCCTGACAGGGAAGTACCCA

TCATCACGTGGTTAACAACACTCTGGAGG
TCATCACGTGGTTAACAACACTCTGGAGG
TCATCACGTGGTTAACAACACTCTGGAGG
TCATCACGTGGTTAACAACACTCTGGAGG
TCATCACGTGGTTAACAACACTCTGGAGG

SNN CTTATGTGCCAAGTGCTCTCTGCTGCCCGAG AGCCAGCATCCTGACAGGGAAGTACCCA TCATCACGTGGTTAACAACACTCTGGAGG
HLP CTTATGTGCCAAGTGCTCTCTGCTGCCCGAG AGCCAGCATCCTGACAGGGAAGTACCCA TCATCACGTGGTTAACAACACTCTGGAGG
AKK CTTATGTGCCAAGTGCTCTCTGCTGCCCGAG AGCCAGCATCCTGACAGGGAAGTACCCA TCATCACGTGGTTAACAACACTCTGGAGG
KIL CTTATGTGCCAAGTGCTCTCTGCTGCCCGAG AGCCAGCATCCTGACAGGGAAGTACCCA TCATCACGTGGTTAACAACACTCTGGAGG
ANK CTTATGTGCCAAGTGCTCTCTGCTGCCCGAG AGCCAGCATCCTGACAGGGAAGTACCCA TCATCACGTGGTTAACAACACTCTGGAGG
GRC CTTATGTGCCAAGTGCTCTCTGCTGCCCGAG AGCCAGCATCCTGACAGGGAAGTACCCA TCATCACGTGGTTAACAACACTCTGGAGG
ISP CTTATGTGCCAAGTGCTCTCTGCTGCCCGAG AGCCAGCATCCTGACAGGGAAGTACCCA TCATCACGTGGTTAACAACACTCTGGAGG
AXK CTTATGTGCCAAGTGCTCTCTGCTGCCCGAG AGCCAGCATCCTGACAGGGAAGTACCCA TCATCACGTGGTTAACAACACTCTGGAGG
Figure 2

DNA sequencing alignment of Turkish native goats breed with reference sequence.

MPS I1ID genetic disorder in goat was identified in
1992 by Thompson and his colleagues (Thompson et al
1992). The genotyping frequency for this disorder has
been reported to be 25.2 % carrier and 1.3 % affected
Nubian goats in USA (Hoard et al. 1998). Since then
there are only few studies on the topic in the world.
(Wasiksiri et al 2013) did not find the GNS gene muta-
tion in Thailand’s pure Anglo-Nubian goats and their
crosses. There might be different reasons not to find
the mutation that causes MPS I1ID genetic disorder
other than its real absence. (Wasiksiri et al. 2013) out-
lined some reasons for failure to detect the mutation in
Nubian goat and their crosses of Thailand, such as
insufficient sample size and elimination of the animals
affected before getting the blood sample. Similar pos-
sibilities might be true for Turkish native and other
goat breeds. They also did DNA sequence analysis on
only 5 randomly selected samples. DNA sequence
analysis is consistent with our results, the same poly-
morphism was also found in this study. Moreover,
there is still no ample information about newly identi-
fied silent mutation and MPS 111D genetic disorder.
This invites detailed studies on Turkish native and
other goat breeds.

Goats, important domestic animals in many parts of
the world, have served human for ages. These hardy
ruminants can exist in harsh environments in which
other livestock species would perish. Goats grow and
reproduce under extreme conditions from rugged
mountain areas where winters are bitter cold to desert
regions where it is hot and dry, water and forage are
limited.

Although goat is very important and valuable ani-
mal for human in many aspects, it is the least studied
species among the ruminants. According to the OMIA
(Online Mendelian Inheritance in Animals), the data-
base of genes containing inherited disorders and traits,
the number of recorded disorder or traits which key
mutation known is only 10 in goat whereas 135 in
cattle and 48 in sheep. There should be more studies on
identification of the gene variant responsible for
defects /disorders, breed and production traits in goats.

Although its presence in various tissues has adverse
effect, lysosomal accumulation of GAGs in the central
nervous system is mostly responsible for its main
symptoms. Because of the appearance of progressive
neurological signs in adult goats in MPS 11D disease,
researches should be conducted to determine whether
there is any association with other diseases affecting
the central nervous system, such as Scrapie. The in-
formation that can be obtained as a result of researches
to be carried out for this purpose will be important both
for animal breeding and human health. Furthermore
affected animals showing poor growth and decreased
muscle mass should be investigated in relation to other
traits/diseases. On the other hand the work to be done
in this area will also provide useful information on
genetic diversity and bring fresh insights goat domesti-
cation and their dispersal.

4. Conclusion

Studies on caprine MPS IIID mostly have been
made for investigation of human diseases and goats are
used as a model. Number of studies to determine this
disease in goat breeds are very few and insufficient.
This disease has been identified only in the Nubian
goats until now and has not been studied in other goat
breeds.

This study is the first report to detect the GNS gene
mutation in Turkish native goat breeds. Although there
is no GNS mutation was found, silent mutation was
found at nucleotide 354. As a recommendation, for
detection of GNS mutation there is a need to carry out
further studies using more sample size and other goat
breeds. Moreover, further studies should be done to
investigate whether the silent mutation we have found
could be related to MPS 111D genetic disorder or other
traits/diseases. It is hoped that this research will lead
studies that are going to be conducted to reveal genetic
causes of MP-111D and other genetic disorders in goats.
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Avrticle history: Raised bed planting system has widespread application in irri-
Received gated agriculture of several countries because of the ad-
Accepted vantages of the system provided in soil tillage, water use and

production costs. This study was conducted by Transitional

Keywords: Zone Agricultural Research Institute in Eskisehir and Selguk Uni-
Wheat versity between the years 2007-2010. Bed planting system was
Nitrogen uptake used in this study and the effects of spring nitrogen (N*>- en-

5N Labelled nitrogen

. riched urea) treatment methods (broadcasting and sub-surface
bed planting system

application) on yields, nitrogen losses and nitrogen uptake effi-
ciencies of two different wheat cultivars (Bezostajal and Al-
pu2000) were investigated under irrigated conditions. While
treatments did not have significant effects on Bezostaja 1, they
improved nitrogen uptake efficiency of Alpu2000. Nitrogen loss
was 66.5% in control treatment of Alpu2000 and the value de-
creased to 49.2% with sub-surface nitrogen treatments. As
compared to broadcasting treatments, 17.3% less nitrogen loss
was achieved in sub-surface treatments. While nitrogen uptake
efficiency was 19.9% in control treatments, the value reached
to 33.4% with sub-surface treatments. Nitrogen uptake effi-
ciency of sub-surface treatments was 13.5% higher than broad-
casting treatments. It was concluded for bed planting system
that sub-surface nitrogen treatments in spring significantly im-
proved nitrogen uptake efficiencies and reduced nitrogen loss-

es.
1. Introduction

In recent years, bed planting has been adopted a research topic rece_ntl_y. It seems to be a promising
in many countries, especially in Mexico. However, method only under irrigated conditions. One of the
it is a quite new method in Turkey and has become biggest advantages of this system is that it allows ma-

* Corresponding author email: erinc.savasli@tarim.gov.tr
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chine weed control in spring and with the same opera-
tion applied nitrogen is incorporated into the soil.
There are some research findings indicating improved
nitrogen use efficiencies with such systems (Fahong et
al 2004). It is known that when the nitrogenous fertiliz-
ers were applied to soil surface (broadcasted) in spring,
great losses are encountered through evaporation (Mc
Innes et al 1986). However, when such fertilizers were
incorporated into the soil (sub-surface application),
nitrogen losses through evaporation is greatly limited,
nitrogen utilization efficiency is enhanced and ulti-
mately several economic benefits are achieved (Rao &
Dao 1996; Fahong et al 2004).

Smil (1997) indicated that nitrogen use efficiencies
could be improved and less fertilizer could be used
through more suitable application methods. However,
under dry farming conditions, nitrogen uptake rates of
wheat are usually below 50% due to significant evapo-
rative losses when nitrogenous fertilizers were broad-
casted over the soil surface (Fillery & Mclnnes 1992).
Especially when urea fertilizer is broadcasted without
incorporated into the soil, ammonia-type evaporative
losses can exceed 40% (Fowler 1989; Hargrove et al
1977), and it has been reported that these losses were
generally more at high temperatures, high pH levels
and stubble deposits (Raun & Johnson 1999).

The primary objective of this study was to reduce ni-
trogen losses applied in spring season by increasing
nitrogen uptake efficiency under irrigated conditions
with bed planting system.

2. Materials and Methods

The present study was conducted between the years
2007-2010 to investigate effects of seasonal nitrogen
fertilizer management systems on vyield, nitrogen loss
and nitogen uptake efficiencies of bread wheat culti-

Table 1
Precipitation data (2007-2010).

vars under Eskisehir conditions. Two bread wheat
cultivars [red hard (Bezostaja 1) and white semi-hard
(Alpu2001)] were experimented under irrigated condi-
tions. Two different nitrogen treatment methods (broad-
casting and sub-surface) were used to apply nitroge-
nous fertilizers. Experimental layout was factorial in
randomized complete block design with four replica-
tions.

Two year experimental data were evaluated in this
study. Experiments were carried out on the experi-
mental fields of Transitional Zone Agricultural Re-
search Institute in Eskigehir. Bed planting system was
used in sowings. Each plot had 3 sowing beds 70 cm
apart, 6 m long and 0.70 m wide (2.1 x 6 = 12.6 m?).
Two rows were sown in each bed. Only 5 m sections of
2 beds were harvested (1.4 x 5 = 7 m?) as to eliminate
side effects. 350 grains m™ sowing density was used
based on results of previous studies. In present study, a
pilot plot was treated with N™ treatments, 2 m of ex-
perimental plots was treated with N'°-enriched urea
and the rest was treated with normal urea fertilizer.
Both treatments were applied on the same day to elimi-
nate the effects of timing and control treatment was
performed right after mechanization. Monitoring tech-
nique was used to see the fate of nitrogen and evaluate
the efficiency of the method, in other words, the effect
of N use. Calculations were performed under the
consultancy of TAEK experts (Halitligil et al 2002;
Faust H 1981). N**> was also used in control plots to
compare the efficiency of both methods. Nitrogen
quantities were not considered as a factor in experi-
ments and 150 kg N ha® ,recommended for irrigated
conditions of the region, was used. Half of this nitrogen
was applied at sowing as a normal, not N** —enriched
form, fertilizer and the other half was applied as N*° —
enriched fertilizer as described above.

Long-term and experimental year precipitation data are
provided in Table 1.

o o} 5

el 8| £ 2| z| § = >

g S S| s S| =2| ¢ T x| 2| =| >

> S o > S| 8 3 S| = 2l 2| §
YEARS & © z| o] S| wo| 2 <| 2| =S| 3| <|Annual Total (mm)
Long-term 14,7| 25,2 30,6| 45,6| 38,4| 32,6| 33,3| 350| 42,1| 29,3| 13,8| 6,5 347
2007-08 0,0 19,2 92,4| 49,9| 15,7 10| 42,4| 385| 11,7| 9,3| 00|55 286
2008-09 30,7 6,4 49,6| 345| 66,3| 82,0| 40,9| 28,0| 15,4| 10,2| 19,4| 2,0 385
2009-10 7,1 9,0 295| 65,1| 36,0| 42,8| 32,6 23,9| 20,7| 79,0| 7,4|0,9 354

Soil characteristics of the experimental site are provided in Table 2. As can be inferred from the table, soils had low

nitrate nitrogen levels.
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Table 2
Soil characteristics of the experimental site (0-30 cm).

Since the total nitrogen (150 kg N ha™) used in experi-
ments exceeded the nitrogen need of wheat in the first
year, sub-surface treatments did not significantly influ-
ence grain yields. However, the treatments had signifi-
cant effects in the last year since soil nitrogen levels of
the last year were quite low. In the first year, wheat
was sown after safflower exploiting soils, but it was
sown after maize in the second year. Maize uptakes
more nitrogen than safflower and such a decrease in
soil nitrogen levels can clearly be seen in Table 2.

Table 3
Effects of spring nitrogen treatment method on

yields of Alpu2001 and Bezostaja 1 under irrigated

Soil Characteristics Unit 2007-08 | 2009-10
Texture class Clay Clay
pH (1:2.5, Soil:Water) 7.83 7.54
EC (salinity) (1:5, (uS/em) | 156.1 230
CaCO; (Lime) (%) 10.9 8.0
Organic Matter (%) 1.13 1.77
Phosphorus (P) mg kg’ 33.3 27.8
Potassium (K) mg kg’ 671,8 493
Calcium (Ca) mgkg | 3764,1 6076
Magnesium (Mg) mg kg 216,7 433
Sodium (Na) mg kg’ 33,6 40
Boron (B) mg kg 1.44 1.39
Cupper (Cu) mg kg’ 1.28 1.34
Iron (Fe) mg kg’ 2.44 421
Zinc (Zn) mg kg 0.37 0.44
Manganese (Mn) mg kg’ 6.13 3.76
Phenolsulphonic acid mg kg’ 2,09 0,84
method (NQ-) !

KCI extraction method | mg kg 10,2 10,8

Experimental soils have clayey texture with low organ-
ic matter (1-2%) levels. Soils had either medium (5-
15%) or high (15-25%) lime contents, slight alkaline
reaction and were either saline or non-saline. Available
B, Cu and Mn levels were sufficient, but Zn levels
were insufficient (Lindsay & Norvell 1978). Zn was
applied in spring through foliar applications in the first
year and applied to soil at sowing in subsequent years,
due to Zn deficiency in soils.

Data analysis Data were analyzed with JMP statistical
software (JMP, SAS Institute, Cary, NC). General
linear model (GLM) of the software was used for vari-
ance analysis. Student’s t-test was used to compare the
means. Experimental data were also subjected to re-
gression and correlation analyses.

3. Results and Discussion

Grain yields of treatments are provided in Table 3.
Treatments did not have significant effects on grain
yields of the first year, but only sub-surface nitrogen
treatments had significantly higher yields than the
control treatment in the second year. In present study,
only the nitrogen treatment methods were compared,
nitrogen doses were not compared. With regard to
wheat cultivars (Bezostaja 1 and Alpu2000), treatments
did not have significant influences on yields of Bezos-
taja 1, but sub-surface treatments influenced the yields
of Alpu2000.

conditions
Nitrogen Grain Yield (kg/ha)
Year Treatments | ALPU BEZ. ORT.
Broadcasting 6070 4450 5260a
2%%7_ Subsurface 5810 4590 | 5200a
Mean 5940a | 4520b |[5230 A
Broadcasting 3670 3440 3550 ¢
201%9' Subsurface 4150 3770 | 3960 b
Mean 3910c | 3600d |3760B
Broadcasting 4870 3950 4410
if/r;z;z' Subsurface | 4980 | 4180 | 4580
Mean 4920 A | 4060B | 4490

CV (%) =5.7 Lsd (0,05) Cultivar=192**, Lsd (0,05)
Treatment = N.S, Lsd (0,05) Cultivar X Treatment =
N.S. Lsd (0,05) Treatment = N.S.

Lsd (Year) = 192** Lsd (Yearxcultivar) = 271** Lsd
(YYear X Treatment) = 271** Lsd (Year X Treatment
X Cultivar) = N.S.

BEZ:Bezostaja 1

Nitrogen Uptake Efficiency Assessments Through The
Use Of N*™°

As can be inferred from Table 4, sub-surface nitrogen
treatments did not have significant effects on total plant
nitrogen yields of the first year. However, actual di-
mensions of plant nitrogen uptake can better be in-
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ferred from straw, grain and plant total nitrogen yields
rather than total concentrations.

To calculate nitrogen uptake efficiency from the straw
and grain nitrogen contents, initially these contents
should be converted into straw and grain nitrogen
yields, then to plant total nitrogen yield with the fol-
lowing equations;

STRAW YIELD (kg ha™) = BIOLOGICAL YIELD
(kg ha™) — GRAIN YIELD (kg ha)

STRAW NITROGEN YIELD (kg ha™) = STRAW
YIELD (kg ha) x STRAW NITROGEN CONTENT
(%)

GRAIN NITROGEN YIELD (kg ha) = GRAIN
YIELD (kg ha) x GRAIN NITROGEN CONTENT
(%)

PLANT TOTAL NITROGEN YIELD (kg ha?) =
STRAW NITROGEN YIELD (kg ha) + GRAIN
NITROGEN YIELD (kg/ha™)

Calculated plant total nitrogen yields from the above
equations are provided in Table 4. As compared to the
control  treatment, sub-surface treatments in-

Following equations were used to get these values:

creasedplant nitrogen uptake by 10 kg ha™. Nitrogen
uptake values provided here indicated how much of
total 150 kg nitrogen was up taken. On the other hand,
to see the effects of nitrogen treatment methods on
nitrogen uptake, only the N*° values applied in spring
should be used. Following equations were used to get
these values:

Table 4

Effects of nitrogen treatment methods on total nitrogen
yields of Alpu2001 and Bezostajal wheat cultivars
under irrigated conditions

Nitrogen | Plant Total Nitrogen Yields (kg
Year ALPU BEZ. Aver.
Treatments
2007- | Broadcast- 157 132 144
08 | Sub-surface 158 141 149
2007-08 157 137 147 A
2009- | Broadcast- 79 86 82
10 Sub-surface 100 92 96
2009-10 90 89 89B
General | Broadcast- 118 109 113 b
Aver- | Sub-surface 129 117 122 a
age | 2-year Av- | 123 A 112 B 118

CV (%) =9.5 LSD (0,05) Cultivar =8.7* LSD (0,05)
Treatment=8.7* LSD(0,05) Cultivar X Treatment =Ns

LSD (0,05) Year=8.7** LSD (Year X Cultivar)=12.0*

LSD (Year X Treatment)=Ns LSD (Year X Treatment
X Cultivar) = Ns

Bez=Bezostaja 1

% '°N atom excess (in plant sample)

N from Fertilizer N (%) =

x 100

(% Nff) % “*N atom excess (in applied fertilizer)

Plant nitrogen yield (kg ha™) x N from fertilizer N (%)

N from Fertilizer N =

(Nff , kg ha™) 100

N from fertilizer (kg ha™)

Fertilizer Use Efficiency (%) =
(FUE, %)

The value called as Fertilizer Use Efficiency in these
calculations was defined as Fertilizer Nitrogen Uptake
Efficiency The % Nff values were calculated from the
analyses results of TAEK. Calculated fertilizer nitro-
gen uptake efficiency values are provided in Table 5.
As compared to the control treatment, sub-surface
treatments had significant effects on fertilizer nitrogen
uptake efficiencies of both years. As the average of two

Applied N (kg ha™)

x 100

years, while nitrogen uptake efficiency was 19.9% in
control treatment, the value increased by 33.4% with
sub-surface treatments. In general, sub-surface treat-
ments yielded 13.5% higher nitrogen uptake efficiency
as compared to the control treatment. It was reported
that 8-35% of total nitrogen uptake realized after polli-
nation (Van Sanford & MacKown 1987). Current
treatments significantly increased nitrogen uptakes in
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the first and the last year. In this study, fate of nitrogen
not taken up by plants (either remained in soil or lost )
was also investigated.

Table 5.
Effects of nitrogen treatment methods on fertilizer
nitrogen uptake efficiency of Alpu2001 and Bezostajal

cultivars under irrigated conditions.

ments reduced evaporative losses and thus improved
nitrogen use efficiencies and provided serious econom-
ic benefits (Rao & Dao 1996; Fahong et al 2004). It
was reported that when the urea fertilizer was broad-
casted over the field without incorporating into the soil,
evaporative losses in ammonia form may go over 40%
(Fowler 1989; Hargrove et al 1977) and such losses
even get higher with high temperatures, high pH levels
and straw cover over the soil surface (Raun & Johnson
1999). It was reported in previous studies carried out
with N* that nitrogen losses in cereals varied between
20-50% and such losses mostly realized through deni-
trification, evaporation and leaching (Olson & Swallow
1984; Karlen et al 1996).

Table 6

Effects of nitrogen treatment methods on nitrogen
losses under irrigated conditions

Nitrogen Nitrogen Loss (%)

YEAR Treatments Aver-
ALPU BEZ age

Nitrogen Fertilizer Nitrogen Uptake
Treatments Efficiency (%
YEAR ALPU BEZ. | Aver.
2007- Broadcasting 27 28 27.5b
08 Sub-surface 48 34 41.0a
Average 37.4a 31.1b | 34.3A
2009- Broadcasting 11.1 135 | 12.3b
10 Sub-surface 28.7 228 | 25.7a
Average 19.9 18.2 | 19.3B
Broadcasting 18.8¢c | 209bc | 199b
if/ggra; Sub-surface 38.4a | 28.3b | 334a
91 2-year Aver. | g7 | 947 | 267

Broadcasting 60.3 55.5 57.9

CV (%) =24 Lsd (0,05) Cultivar=N.S Lsd (0,05)
Treatment=5.1** Lsd (0,05) Cultivar X Treatment=
7.02*

Lsd (0,05) Year=5.10** Lsd (Year X Cultivar)=N.S
Lsd (Year X Treatment)=N.S Lsd (Year X Treatment
X Cultivar) = N.S

2%%7' Sub-surface 36.3 48.3 42.3
2007-08 Aver. 48.3 51.9 50.1

2009 Broadcasting 72.8 68.9 70.8
10 " | Sub-surface 618 | 67.7 64.8

2009-10 Aver. 67.3 68.3 67.8

Gen- | Broadcasting 66.5 62.2 64.4
eral | Sub-surface 49.0 58.0 53.5

Aveage | 2-year Average 57.8 60.1 58.9

Soil samples were taken from 0-90 cm soil profile and
analyzed for N* quantities by TAEK. These values
were then added to the quantities taken up by the
plants. Resultant values were subtracted from the total
amount applied to get the lost quantities (Table 6). The
following equation was used for this purpose:

% LOSS =

USED N (kg ha™) — (UPTAKE N (kg ha™) + RESIDUAL N (kg ha*) x 100

USED N (kg ha™)

As it was in plant nitrogen uptakes, treatments had
significant effects on nitrogen losses in the first and the
last year and especially when Alpu cultivar was used.
As the average of two years, while the nitrogen loss
was 66.5% in control treatment, the value decreased to
49.0% in sub-surface treatments. About 17.5% differ-
ence in nitrogen losses was found to be significant.

Sub-surface treatments almost halved the nitrogen
losses in the first year for Alpu. Nitrogen losses of
cultivars are presented in Figure 1. Sub-surface treat-
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Alpu 2001 Bezostaja-1 MEAN

Figure 1. Effects of spring nitrogen treatments on ni-
trogen losses under irrigated conditions

Treatments did not have much effect on Bezostaja 1,
but had significant effects on Alpu. The residual
amount in soil did not varied much, in other words, the
guantity not taken up by the plants was lost.
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Conclusions

It is known that large losses of nitrogen are expected
from broadcasting treatments under dry conditions.
Therefore, irrigations were delayed for a while after
treatment applications in this study not to prevent the
losses totally. Similar to evaporative moisture losses,
differences between the surface covers provided by the
cultivars in early spring also influenced nitrogen losses.
Nitrogen losses in broadcasting treatments varied be-
tween 50.1-67.8% and such large losses pointed out the
economic significance of prevention of these losses.
Losses in broadcasting treatments were mainly evapo-
rative losses. Sub-surface treatments limited such loss-
es, improved nitrogen use efficiencies and ultimately
provided significant economic benefits. It was finally
concluded that in bed planting system, sub-surface
nitrogenous fertilization in spring significantly pre-
vented nitrogen losses and improved nitrogen uptake
efficiency of wheat cultivars.
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In some institutions in Turkey, grape breeding programs such as hybridization
breeding between superior genotypes of Vitis vinifera L. varieties or clonal
selection of local genotypes are carried out. Antique and autochthone grape
varieties such as "Eksi Kara' (Vitis vinifera L.) are grown since ancient times in
Konya-Karaman provinces and middle Taurus Mountains. Its economic value
of this variety is high in the production area and is well adapted in the region. It
is more indispensable than many other varieties in the region. It is also promis-
ing for similar ecologies. The development requirement of this very productive
variety has been identified as a need. The flower type of the variety is func-
tional female. A pollinator is a required for a good fruit set. Another ancient
and autochthone grape variety, 'Gok Uziim', is used as a pollen source in the
region. Clusters and berry sizes the 'Eksi Kara' variety in the producer vine-
yards are closely related to hens and chicken berry development percentage,
berry growth, weather conditions (precipitation) during flowering and / or
pollination period due to the honey bee activity.

This research was carried out under the producer vineyards conditions in which
selected in the clone candidates (CC) were identified by the Eksi Kara' grape
variety clone selection project of the Selcuk University Faculty of Agriculture,
Department of Horticulture and the laboratory conditions. Fertilization biology
of 220 selected head CC were examined. The purpose of the study was to
search the existence of self-fertile clones among the head CC. For this purpose,
the head CC were self-pollinated in covered clusters, freely pollinated with
*Gok Uziim’ grape variety and pollens were tested for viability, pollen germi-
nation and tube growth of the germinated pollens.

All of the head CC did not have any seeded fruit set in the covered flower
clusters. Pollen grains were alive in different percentage but in laboratory
conditions in all of the tested pollens germination was practically less than 3%.
A self-fertile clone candidate has not been identified. Honey bees and some
other pollinator insects were the main vectors for pollen transport from 'Gok
Uziim' to ‘Eksi Kara’. The development of ampelographic and genetic data-
bases will greatly contribute to genetic stocks that have not yet been evaluated
in culturally diverse cultures or collections throughout the country, so that the
correct identification of genotypes in general will be increased.

This manuscript has been produced from the master thesis project of Ahmed Jalal Khaleel KHALEEL is titled ‘Fertilization Biology of Ancient Grape

'Vitis Vinifera L. supported by Selcuk University Scientific Research Projects Board Project number is 17201043.

1. Introduction

Many grape breeding programs have been conduct-
ed in certain institutions as cross breeding between
superior genotypes or clonal selection of local acces-
sions of Vitis vinifera L. varieties in Turkey. ‘Eksi

* Corresponding author zkara@selcuk.edu.tr

Kara’ (Vitis vinifera L.) is an ancient and autochthone
grapevine cultivar intensively grown in Konya due to
its well-adaptation to the ecology. Thus, it has been
promising with its unique characteristics peculiar to
similar ecologies. This cultivar is robust and very fruit-
ful in comparison with many other V. vinifera varieties
in the region. The sex of the flowers is functionally
female, and need a pollinator, for a good fruit set. ‘Gok
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Uziim® (Vitis vinifera L.), another ancient and autoch-
thonous grape variety is being suggested as a primary
pollinizer with hermaphroditic flowers. Open pollina-
tion effected fruit set, and berry shape, hens and chick-
en rates. A clonal selection study has been continuing
on the variety at the Selcuk University Faculty of Agri-
culture Department of Horticulture since 2010. 230
head CC are selected in 15 producer vineyards in dif-
ferent elevation, cultural practices, training systems in
Konya and Karaman provinces in middle Taurus
Mountains. The aim of the study is to search the self-
fertile clone(s), fruit set without cross pollination
among the 220 selected CC of ‘Eksi Kara’ (Vitis vinif-
eralL.).

V. vinifera L., species cultivars set parthenocarpic
or stenospermocarpic fruits genetically or occasionally
based on specific physiological-environmental condi-
tions (Kelen and Demirtas 2003; Stosser, et al. 1996).
Pollination and fertilization are the basic factors affect-
ing fruit setting volume and the most important goal of
fruit growers is obtaining high quantity and quality
yield in horticultural industry which depend on suffi-
cient fruit setting. A linear relation between pollen
viability and germination capability in many fruit spe-
cies have been reported [(Wang, et al. 1993); (Chkhart-
ishvili, et al. 2015) (Perveen and Ali 2010; Vouillamoz,
et al. 2006) (Sharafi and Bahmani 2010) (Sharafi, et al.
2010; Sharafi and Bahmani 2011)]. Therefore,
knowledge about fertilisation biology traits of the spe-
cies and cultivars is one of the main issues for growers
and breeders (Hancock, et al. 2003; Szab6 2003). For
successful pollination, the high quantities and qualities
of pollen must be transferred to the stigma when it is
receptive (Sharafi 2011; Taylor and Hepler 1997;
Wang, et al. 1993).

Pollen viability levels, germination capability of
pollen is related to cultivars, nutrition conditions, and
environmental factors (Bolat and Pirlak 1999; Dafni
and Firmage 2000; Dantas, et al. 2005; Kelen and
Demirtas 2003). There is a big variation in optimum
germination conditions of pollen among plant species
and cultivars (Kelen and Demirtas 2003). Many re-
searchers have been performed to determine quantita-
tively and qualitatively the components necessary for
the best composition of culture medium in pollen grain
germination for different species pollens (Abreu, et al.
2006; Dane, et al. 2004; Eti 1991; Eti, et al. 1998;
Kelen and Demirtas 2003; Liu and Zhu 1985; Sharafi
2011).

While aceto-carmine is useful to indicate the pro-
portion of aborted grains, it does not appear to indicate
reliably the viability of the pollen. Germination of

pollen in vitro is said to be a reliable method of predict-
ing the performance of the pollen in setting fruit (Naga-
rajan, et al. 1965). The usual germination method is to
add grape pollen to a hanging drop culture of water
with 20%' sucrose at 25-30 °C or at unspecified tem-
peratures (Olmo 1942; Weaver and McCune 1960;
Winkler 1926). Boric acid (5-20 ppm) has been added
to increase germination (Bamzai and Randhawa 1967).
Incubation times are given as six to 12 hours (Bamzai
and Randhawa 1967; Olmo 1942). Agar (0.5-2.0%)
with 5-10% sucrose and incubation for two to 24 hours
at 26 °C have been used (Gollmick 1942; Mayer 1964;
Nebel and Ruttle 1936). Some of these investigators
stain pollen tubes with chrome-cresol-green or lac-
moid; other stains can be used.

2. Material and Method

2.1. Plant material

In this study fertilisation biology of 230 selected
CC of ‘Eksi Kara’ (Vitis vinifera L.) were searched by
covered flower clusters and self-pollination to obtain
the fruit setting capacity. Stamens of functionally fe-
male flowers of the variety were differed between erect
and turned-down. Matured clusters were different
range of both seeded and parthenocarpic berry depend
on the pollination. ‘Gok Uziim’ (Vitis vinifera L.) has
hermaphroditic or perfect flowers the stamens were
erect with the anthers producing functional pollen and
the pistils were functional, used for open pollination for
CC.

2.2. Self-fertility tests

First inflorescences of all selected CC of 5 shoots
were covered by bags 7-10 days before blooming,
vibrated during the active pollination times about ten
o’clock. Covering bags were opened two weeks after
fruit set, parthenocarpic and seeded berries were count-
ed the harvest time.

2.3. Pollen Tests

In May 2016, pollen was collected from well-
developed newly opened flowers from each CC, paper
bags were used for transport to the laboratory follow-
ing the literature to determine pollen viability, pollen
germination and pollen tube growth rates. (Winkler
1926) allowed anthers to dehisce in vials. Barrett and
(Barrett and Arisumi 1952) stripped flowers from the
cluster, dried them on a glass plate, then sifted out the
pollen. Olmo (1942) harvested clusters on which half
of the flowers had opened and tapped the clusters
against a clean glass plate. The dry pollen was scraped
up with a razor blade and put into small bottles. The
equipment was cleaned with alcohol to kill unwanted
pollen. Harvested pollens were maintained in desicca-
tor’s in refrigerator 4°C during the test preparation.
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2.3.1. Pollen viability

The pollens taken from CC viability status were
immediately tested by 2.3.5 triphenyl tetrazolium (1%)
(Kelen and Demirtas 2003; Korkutal, et al. 2004) in the
flowering period. Results was figured at the Fig. 1.

2.3.2. Pollen germination

Pollen germination were tested in 5 different media
that were 1. 20% sucrose, 1% agar, 2. 20% sucrose, 1%
agar, 10 ppm boric acid, 3. 20% sucrose, 1% agar, 50
ppm boric acid, 4. 20% sucrose, 1% agar, 10 ppm in-
dole 3 butyric acid 5. 20% sucrose, 1% agar, 10 ppm
indole 3 butyric acid, 5 ppm GA;, and 12 hours incuba-
tion time was used.

2.3.3. Pollen tube growth

The pollen tube length measurements of germinated
pollen were directly recorded in relation to the eye
micrometer scale (um) attached to the eye lens in the
microscope in order to evaluate pollen germination and
tube growth in germinated pollen.

Statistical analysis

A complete randomized block design with three
replicates (consisted of four grafted vines) was estab-
lished. Data were separately evaluated for each root-
stock by analysis of variance (ANOVA) and treatment
means were separated by Least Significant Differences
(LSD) test at P < 0.05. Analysis was performed with
SPSS program version 13.0 (SPSS Inc., Chicago, IL).

iveBpollens)

Fig. 1. Alive pollen rates (%)

3. Results and Discussion

3.1. Self-fertility results

Open pollinated clusters were developed hens and
chicken berry that was also belonging to pollination
that was affected by weather (rainfall during the
bloom), and cultural practices such as irrigation, fertili-

sation conditions. In the area the bunch size, density
and length, and all berry characters highly depend on
the pollination. There were well pollinated clusters
have average cluster weights in a drip irrigated vine-
yard approximately 1 kg, on the other hand poor polli-
nation in the non-irrigated vineyard cluster weights
were up to ten-fold less. Self and open pollinated clus-
ters in non-irrigated vineyards were smaller than irri-
gated vineyards.

Covered inflorescences were not seeded fruit set.
Some seedless, parthenocarpic berry can develop in all
covered clusters of all CC. There was only 3 seeded
berry has 4 seed among tested CC were obtained.

Previous study indicated that the anthesis occurs
most frequently between 6 and 9 a.m. with a rising air
temperature, and may also occur from 2 to 4 p.m. (Pratt
1971). In this study observed that the honey bee was
the main pollen carrier from ‘Gok Uziim’ to ‘Eksi
Kara’ and pollination time was mainly belonged to
honey bee activity during the blooming period.

3.2. Pollen tests
3.2.1. Alive pollen rates

Alive pollen rates (%) test indicated that all pollens
of CC were alive, the range was between 38.5% (117
clone candidate number) and 96.83 (117 clone candi-
date number), that was relatively due to vigorous of the
candidate clone, nutrition statues, irrigation and the
other cultural practices (see Fig. 1).

Alivemollend%)

3.2.2. Pollen germination rates

Pollen germination were tested in 5 different media
but the 20% sucrose, %1 agar gave the best results in
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Pollen@ermination@atesd%)

ination¥atef(%)

Polelnigerm

Fig. 2. Pollen germination rates (%)

all treatment, for this reason the only best results were
figured at Fig. 2. Adding boric acid, Indole 3 butyric
acid, and GA; were not promoted the pollen germina-
tion in ‘Eksi Kara’ grape CC. Pollen germination rates
(%) results were exactly different pollen alive results it
was ranged between 0% (many of the CC) to 3.33% (at
the 117-clone candidate number). Environment and
cultural practices influence flowering, either directly or

ubedlengthsium)

Fig. 3. Pollen tube lengths ()

indirectly via their impact on photosynthesis and nutri-
ent availability. Cultural practices encouraging light
penetration into the canopy favour flower initiation,
while practices resulting in shading have a detrimental
impact (Diaz-Riquelme et al. 2009) but in this study
these factors were not affected on ‘Eksi Kara’ func-
tional female flowers pollen germination.

(Mayer 1964), indicated that the method of pollina-
tion has been debated, but probably most hermaphro-
ditic flowers are self-pollinated. The result of the self-
pollination in cover clusters showed that flower sex of
‘Eksi Kara’ flowers is functionally female, and there
was no significantly difference (p < 0.05) in CC was
obtained. Pollens are alive between 38.5% (117 CC)

and 96.83 (117 CC). Covered clusters can only parthe-
nocarpic berry sets.

3.2.3. Pollen tube growth

Pollen tube growth were in all germinated pollens
(see Fig. 3) these were recorded between 0% (many of
the CC) to 123.33% (at the 33 CC number).

4. Conclusion

CC of ‘Eksi Kara’ pollens practically were not
germinated, that means need to pollinator for vineyard
establishments. ‘Gék Uziim® was a good pollen source
to ‘Eksi Kara’ CC for seeded, and high-quality fruit set.
Honeybees are the main pollinators for ‘Eksi Kara’ that
should be kept during the blooming period in or around
the vineyard plantations.

Further development of ampelographic and genetic
data-bases will greatly contribute to the ancient culti-
vars and accessions nationwide, under cultivation or in
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collections, thus increasing overall the accurate identi-
fication of varieties.
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Bilimsel deliller iklim degisikliginin, gezegendeki yasam iizerinde artan bir
etki olusturdugunu isaret etmektedir. Iklim degisikliginin etkilerinden bazilari,
kurak olan bolgelerin daha kurak olacagi, yagish bolgelerde ani ve yogun yagis
olaylarinin artacagi, tiim bdlgelerde yagis rejiminin degisecegi, mevsimlerin
degisecegi, sira dist olaylarin sayisinin ve siddetinin artacagi seklinde siralan-
maktadir. Bu siiregler, gelecekte ortaya ¢ikacak bir sey degildir, bunlar bugiin
yasanmaktadir. Hayvansal tretimde ise bunun en 6nemli etkileri iiretimin
miktar ve kalitesinde azalmalar, hastalik ve zararlilara hassasiyetin artmas,
tireme dongiisiiniin degismesi, dogumda kayiplar, yemin {irline déniisiimiinde
gerileme olarak siralanabilir. Tklim degisikligi, 6zellikle beslenmeleri ve ya-
samlarinin devami igin hayati énem tastyan diinyanin bazi bolgelerinde hay-
vansal {iretim icin cok yonlii olumsuz sonuglar doguracaktir. iklim degisikligi-
nin etkisi, hayvancilik sistemlerinin duyarliliginin yani sira kurakliga bagl
stresi daha da arttirabilir. Iklim degisikligi noktasinda hazirlanan model projek-
siyonlar kurakligin sikligi, siiresi ve kapsami noktasinda biiyiik artislar oldugu-
nu gostermektedir. Sicaklik 40°C iistiinde uzun siire devam ettiginde 6nemli
problemler ortaya ¢ikabilir.
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The scientific evidence point to climate change is an increasing impact on life
on the planet. Effects of climate change some of the arid regions drier would,
in rainy regions of sudden and intense precipitation events will continue to
grow in all regions of the rainfall will change, seasons will slide extraordinary
number of incidents and violence will increase as are listed. These processes
are not something that will occur in the future they are already happening. . In
animal production is that the most important impacts of the production quantity
and quality reductions, pests and diseases increased sensitivity to the reproduc-
tive cycle changes, birth losses, animal feeds conversion ratio of the decline
can be listed as. Climate change will have far-reaching consequences for ani-
mal production, especially in some of the parts of the world where it is vital for
nutrition and livelihoods. The impact of climate change can heighten the vul-
nerability of livestock systems and exacerbate existing stresses upon them such
as drought. Climate change model projections made at the point of drought
frequency, duration and scope of the points shows that large increases in.
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Giris

Iklim degisikligi giiniimiiziin en biiyiik
¢evre sorunlarindan birisi olup, bunun baslica
nedeni insan faaliyetleridir. Sanayi devrimi ile
birlikte ortaya ¢ikan ve hizini 20.yy itibari ile
artiran insan kaynakli dogal iklim degisimi
yerini kiiresel 1smmmaya bagli iklim degisimine
birakmistir. Insan faaliyetleri sonucunda CO,,
CHa, N0 gibi sera gazi emisyonlarinin atmos-
ferde yogun bir sekilde artmasi sonucunda,
yeryiiziine yakin tabakalar1 ile yeryiizii sicakli-
ginin yapay olarak yiikselme siireci “kiiresel
1sinma” olarak ifade edilirken, kiiresel 1sinmaya
bagh olarak, yagis, nem, hava hareketleri, ku-
raklik vb. diger iklim unsurlarinin degismesi de
“kiiresel iklim degisikligi” seklinde ifade edil-
mektedir (Dogan, 2005). iklim degisikligi, pek
cok tiiriin, ekosistemlerin ve diinyanin birgok
yerinde hayvancilik iiretim sistemlerinin siirdii-
riilebilirligi i¢in dnemli bir tehdit olarak goril-
mektedir (Moss ve ark., 2000). iklim degisikli-
ginin etkilerinden bazilari, kurak olan bolgelerin
daha kurak olacagi, yagisli bolgelerde ani ve
yogun yagis olaylarinin artacagi, tiim bolgelerde
yagis rejiminin degisecegi, mevsimler temelli
sira dist olaylarin sayisinin ve siddetinin artaca-
&1 seklinde siralanmaktadir (Sekil 1). Tirkiye
acisindan iklim degisikligi ile birlikte yagislarin
azalacagi, sicakliklarin artacagi, sel, kuraklik
gibi olaylarin sikliginin ve siddetinin artacagi
tahmin edilmektedir.

Kurak
bélgelerin daha
kurak olacag

Mevsimlerin

kayacag, sira digi Iklim yaEI:ihvbea\!i?:;de
olaylarin sayisi ve DEéi§ik|iéi yadislanin olacad

iddetinin artacag

Sekil 1. Iklim degisikliginin mevsimsel etkileri

Kiiresel iklim degisikligi, gecen son 30
yil i¢inde tarimsal iiretimde her on yilda %1-5
civarinda azalmaya neden olmustur. Hayvansal
iretimde bitkisel tiretimden farkli olarak etkileri
ile ilgili sinirhi bilgiler mevcuttur. Genel olarak
farkli hayvan tiirlerinde artan sicakliga baglh
olarak yem tiiketimi, lireme ve verim diizeyinde
diisiislerin gergeklesecegi tahmin edilmektedir.
Iklim degisikligi, hayvanlarm hastaliklara karst
hassasiyetini artirirken hastalik ve parazit etken-

lerinde mutasyonlar meydana gelmesine, zoo-
noz hastaliklarin artmasina ve birtakim yeni
hastaliklarin ortaya ¢ikmasina neden olacaktir.
Bu nedenle meydana gelecek iklimsel degisik-
liklerin olasi etkilerini azaltma noktasinda adap-
tasyon kabiliyeti iyi ve gevresel stresin tistesin-
den gelebilme yetenegi yiiksek genotiplerin
gelistirilmesi, toprak ve su yonetiminin iyilesti-
rilmesi noktasinda bir entegrasyona ihtiyac
duyulmaktadir (Thorne, 2007).

Kiiresel 1smmmanin meydana getirdigi
veya getirecegi iklim degisiklikleri, diinyanin
farkli bolgelerine gore olumlu veya olumsuz
sekillerde goriilebilecektir. Ornegin Tiirkiye'nin
yer aldigit Dogu Akdeniz bolgesinde ug¢ deger-
lerdeki yiikselmeler nedeniyle dogal afetlerde
(asir1 yagislar, sicaklar, firtina ve hortumlar,
kuraklik vb.) artiglarin goériilmesi beklenmekte-
dir (Sen, 2014).

(iftlik hayvanlannda verimlilik iizerine iklim degisikliZinin etkisi

Dogrudan etkiler Dolayh etkiler

Ortam sicakligndaki de siklikler

N ; Yem miktar ve kalitesini ethiler .‘_
hayvanda s1steresi yaratr

Yem almive normal fizyolojik

5u kaynaklar ndaki azalma
™ sire ethiler

meralern kullandabilirliini azaltr

b

Hayvanlarda parazit kaynakl
hastalkfar artar

Davrangsal ve metabolik
degisiklikler olusturur

Hassasiyeti yilksek olan hayvanlarda
inemli ekonomik kaymplara yol agar

Hayvanlarn biiyiime ve Greme
performansni etkiler

+

Sekil 2. iklim degisikliginin hayvansal iiretime
etkileri (Naqgvi ve Sejian, 2011)

Kiiresel iklim degisikligi gegen son 30
yil i¢inde tarimsal iiretimde her on yilda %1-5
gibi degisen diizeylerde azalmaya neden olmus-
tur. Genel olarak farkli hayvan tiirlerinde artan
sicakliga bagli olarak yem tiiketimi, iireme ve
verim performansinda azalmalar ortaya ¢ikmak-
tadir (Sekil 2). Diger taraftan hayvansal {ireti-
min yogun olarak yapildig: iilkelerde dogrudan
etkilerinin yani sira su ve yem (kaba/kesif) kay-
naklarinda azalmalarin yani sira patojenler gibi
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dolayl etkiler ile hayvansal iiretimi ¢ok daha
olumsuz etkileyebilecektir. Hayvanlar, verilen
yemlerin degistirilmesi, sogutma ya da ¢esitli
ciftlik yonetimi uygulamalar ile sicaklik stresi
ile basa cikabilirler. Ancak hayvanlar1 cevre
sicakligina adapte etmek i¢in iklim kontrolli
barmaklarin insa edilmesi iiretim maliyetlerinin
artmasina neden olacaktir.

iklim Degisikliginin Hayvansal Uretim Sis-
temleri Uzerine Etkisi

Ekstrem olaylar ve mevsimsel dalga-
lanmalar hayvanlarin refahini etkilerken, verim
ve lireme performansinda gerilemeye neden olur
(Sejian ve ark., 2013). iklim degisikligi, hay-
vancilik sistemlerinin kiiresel olarak siirdiiriile-
bilirligi agisindan biiyiik bir tehdittir. Hayvanlar
tizerindeki iklim degisikligine bagli ortaya ¢ikan
olumsuz etkilere adaptasyon ve etkisini hafif-
letme yaklagimlari miicadelede 6nemli bir rol
oynamaktadir (Sejian ve ark., 2015). Genellikle
iklim degisikligi, artan bir kiiresel sicaklik ile
iligkilidir. Cesitli iklim modelleri tahminleri,

2100 yilina kadar ortalama kiiresel sicakligin
2010 yilina gore 1.1-6.4 °C daha sicak olabile-
cegini gostermektedir. Hayvanlarin maruz kal-
dig1 zorlu hava kosullart (yogun sicak hava
dalgalari, seller ve kuraklik), tretim kayiplarina
ek olarak, asir1 durumlarda hayvan dlimleri ile
sonuglanabilecektir ~ (Gaughan ve Cawsell-
Smith, 2015). Hayvanlar sicak iklimlere uyum
saglayabilir ancak hayatta kalmaya yardimci
olan tepki mekanizmalar1 onlarm verim perfor-
manst lizerine olumsuz etkilere yol acabilir.
Ciftlik hayvanlar1 en iyi performanslarini 10-30
°C arasinda gerceklestirir. Ortam sicakliginda
30°C’nin izerindeki her 1°C’lik artigla sigir,
koyun, keci ve tavuklarm yem tiiketimlerinde
ortalama %3-5 diizeyinde bir azalmanin oldugu
ifade edilmektedir. (NRC, 1981).

Gelecek yillarda iklim degisikliginin
diinyada hayvansal {iretim sistemlerini tiimiiyle
etkilemesi ve zaten var olan hayvansal iriinlere
talebin daha da artmasma yol agacagi beklen-
mektedir. 21. yy da gida ve su giivenligi insanlik
i¢in en 6nemli 6ncelikler arasindadir.

Tablo 1. Farkli iklim degisikliklerinin hayvancilikta yarattig1 sorunlar ve buna karsi yapilabilecek uygu-

lamalar (Anonim, 2015)

iklim P
Degisiklikleri Sorunlar Coziim onerileri
“Uretimde azalma (Otlatma alanlarnin -Yiiksek sicakliga dayanikl irklarin kulla-
azalmasi, canli agirlik gelisiminde geri- nilmas . NP .
leme, siit iiretiminde azalma, dol veri- —Ha'yvanolarm dinlenecegi dogal/yapay gol-
Sicakligin min d’e diisme) ’ gelikler insa edilmesi
Yiikselmesi -Sicaklik i‘tresi -Agik sistem barinaklarm kullanilmasi
“Davramis problemleri -Kuraga dayanikli bitki cesitlerinin tretil-
-Hayvan kayiplarinda artig mesi./ ge.listirilrnesi
-Kaliteli su kaynaklarinin aragtirilmasi
i{gﬁ;’lrgli I;i?ﬁggfnogzgﬁ':;mm ve -Susuzluga dayanikli bitki gesitlerinin kul-
-Su kihgl lanilmasi
Kuraklik -Sicaklik stresi -Ek yemleme uygulan}alan
“Hayvan kayrplari -Ek su kaynaklarina yénelme
-Mera ve agik alanlarda yangin riski
-Isletmelerin dere yatag1 ve ¢ukur bolgelere
-Cayir ve meralarin otlama 6zelliklerinin kurulmamast
azal}rllll asy/kétilesmesi -Riizgar hizin1 kesen agag tiirlerinin kulla-
Firtina -Verim ka larsl (iretimde kayiplar, yem nilmast
ve Seller sikmntist hzlslial Klarda artis) yiprar, y -Sel baskinlarinda hayvan ve yem kaynakla-
’ g rinin korunmasina yonelik bir planlamanin
yapilmasi
-Isletmenin yiiksek alanlara yapilmasi
Den_iz o -Otlama ve dinlenme alanlarmda azalma -Tuza dayaniklilig: yiiksek bitki ¢esitlerinin
Seviyesinin . kullanilmast
R . -Meralardaki otlarin tuzlanmasi -
Yiikselmesi Jeme suvuna tuz Karismasi -Otlatma alanina uygun hayvan yetistirme
¢ yu $ -Yagmur sularmin kullanilmasina yonelik
sistemlerin planlanmasi
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Diger taraftan ayn1 donemde tim diin-
yada tarimi etkileyecek yerel ve kiiresel iklim
degisikliklerinin  yaganmasi  beklenmektedir.
Kiiresel 1sinmanim, hayvansal {iretimin yogun
olarak yapildig: tilkelerde dogrudan etkilerinin
yani sira su kitligi, kaba/kesif yem iiretiminde
azalma ve patojenler gibi dolayli etkiler hay-
vansal iretimi ¢ok daha olumsuz etkileyecektir
(Adams ve ark., 1998). Meraya dayali hayvanci-
lik sistemlerinin kiiresel 1sinmadan endiistriyel
hayvancilik sistemlerine gore daha fazla etki-
lenmesi beklenmektedir. Ciinkii kiiresel 1sinma
kaynakli solar radyasyon, yiiksek sicaklik, dii-
siik yagis ve kuraklik meray: ve bitkileri dogru-
dan etkileyecektir (Tablo 1). Meraya dayali
hayvancilik agirhiklt olarak gelismekte olan
tilkelerde tercih edilen sistem olup, bu iilkelerde
kiiresel 1smmaya bagli hayvansal {iretimde
%25’lik bir kayip Ongoriilmektedir. Gelecek
yillarda niifus artigina paralel olarak kisi basi
tilketimin artmasi, hayvansal {iriinlere olan tale-
bin yiikselmesine neden olacaktir (Nardone,
2002; Delgado, 2003).

Artan diinya niifusunun besin madde
ihtiyacin1 karsilama noktasinda hayvansal tire-
tim de goreli olarak artacaktir. 2050 yilinda
diinya niifusunun 9.3 milyara ulasmasi ve bu
niifusun %60’dan fazlasmm sehirlerde yasaya-
cagl tahmin edilmektedir. Bu noktada hayvansal
iretim ve hayvansal tiiketim arasindaki dengeyi
saglamak icin ya hayvan sayisi artirilmali ya da
hayvan basina verimlilik artirilmalidir. Hayvan-
ciligin siirdiiriilebilirligini saglamak noktasinda
su miktar ve Kalitesinin azalmasi beklentisine
kars1 su kullanim etkinliginin artirilmasi gerek-
mektedir. Bu amagla hayvansal ve bitkisel {ire-
timde su tasarrufu saglayici sistemler kullanil-
malidir. Diinyada niifus ve gelir arttikca hay-
vansal {iriinlere olan talep de artacak ve tiiketim
aligkanliklar1 bu yonde yogunlasacaktir (Ano-
nim 2013b). Bu noktada uzmanlarin iklim degi-
sikliginin etkisi altinda hayvan sagligindaki
olumsuzluklar, iretim kaybi, {iriin kalitesinin
bozulmasi ve arazilerin ¢6llesmesi gibi durum-
larla en iyi sekilde basa c¢ikabilmek igin ¢dziim
arayisinda olmalidirlar.

Kurakligin etkileri yaygin olarak dog-
rudan ve dolayli olarak ifade edilir. Dogrudan
etkileri irlin hasadinda, meralarda ve orman
alanlarinda verim kayiplari, artan yangin tehli-
kesi, su rezervlerinde azalma, dogal yasam
alanlarinda artan 6liim oranlari, balik, bitki ve
hayvan yasam alaninda bozulmalar gergeklese-
cektir. Bu dogrudan etkilerin sonuglarinda do-
layh etkiler gériilmeye baslar (Sekil 3). Ornegin
iiretimdeki kayiplar, mera ve orman alanlarinda
verimliliginin azalmasi tarimsal gelirde diigme-

ler, gida ve orman {iriinlerinde artan fiyatlar,
issizlik, yetistiricilerin banka borglar1, gog, vergi
gelirlerinde gerileme ve afet yardim programlari
olarak siralanabilir. Kuraklhigim etkileri genel
olarak ekonomik, ¢evresel ve sosyal olarak ii¢
temel noktada toplanabilir (Anonim, 2014).

| Dojal imDefiscigi |

!—k—\

Yag ekskigi Viiksek sicaklik, kuvvetl; riizgar,

miktar, yogunluk, stire) diitk bagil nem, agin giines 5,
} daha 2z bulut drtiisii

I Meteorolojik
Azal lizey akig), deri
galan e, yCusy g Cerih Buharlagma ve terlemede Kuraklik
sizma, yeralti suyunu besleme
artis
Zaman Toprak su iceriginde azalma
Tarimsal

(stireg) ]
Bitkilerde su stresi, biyokiitle ve Kurakik
verimde azalma

___________________________________

Akarsu debisi azalmasi, su rezervleri
gdller ve goletlerde su seviyesinde

diisme, sulak alanlar ve dogal yasam Hidrolojik
alanlarinin elumsuz etkilenmesi Kuraklik
[
|
| Ekonomik Etkileri | | Sosyal Etkileri || Gevre Etkileri |

Sekil 3. Kuraklhigin ardisik etkileri (Anonim,
2016)

iklim Degisikliginin Hayvan Saghg Uzerin-
deki Etkileri

Iklim degisikliginin dolayli etkileri
mikrobiyal populasyonlar iizerinde iklimin
etkisinden ya da hayvanlarin degisen iklim
kosullarina adapte olma girisiminden kaynakla-
nan yem ve su kithgi, gida kaynakli hastaliklar,
bulasict konukgularin direnci, vektor kaynakl
hastaliklarin yayilmasi seklinde ortaya ¢ikabilir.
Yiiksek sicaklik patojen veya parazitlerin geli-
sim oranlarmi desteklerken (Harvell ve ark.,
2002; Tirado ve ark., 2010), riizgarlarda ortaya
cikan degisimler ise bazi patojen ve hastalik
tastyicilarin - yayilmasma yol acabilir. Iklim
degisikligi, hastaliklarin yayiliminda degisimler
yaratabilir ve bazi salgin hastaliklar 6nceden
goriilmemis siiriilerde ortaya c¢ikabilir (Baylis ve
Githeko, 2006; Tirado ve ark., 2010). Yagmur
ve sicakliktaki degisimler tatarcik sinegi, kara-
sinek, kene, sivrisinek gibi hastalik tagiyicilarin
dagiliminda ve sayisinda da dnemli degisiklikler
yaratabilir (Tirado ve ark., 2010). iklim degisik-
ligi ayrica hastalik tastyicilarin rakipleri olan
yirticilarin ve parazitlerin sayisina veya dagili-
mina, dolayisiyla hastalik modellerine etki ede-
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bilir. Birgok arastirmada sicak ve nemli ortamla-
rin bulasici hastaliklarin yani sira ¢iftlik hayvan-
larinda stres meydana getirecegi ve hayvanlarin
iklim degisikligine uyum siirecinde sicaklik
degisiklikleri ile basa ¢ikmaya galisirken yem
tilketiminde azalma, sagligin bozulmasi, tireme
etkinligi ve verimin diismesi ile baglantili bir-
¢ok fizyolojik fonksiyonlarda degisiklik ve
hastaliklara kars1 hassasiyet gibi davranigsal ve
metabolik degisimlere sebep olacagi belirtil-
mektedir (Parsons ve ark., 2001; Lacetera ve
ark., 2003; Akyuz ve ark., 2010; Burger, 2010).
Yiiksek sicakliklara alisma siireci, sicaklik yii-
kiinii azaltmaya yarayan yanitlar1 igermektedir.
Cevresel uyaranlara karst yanit olarak hedef
dokular1 etkileyen hormonlarm salg1 diizeyinde
degisiklikler meydana gelmekte ve bu hayvan-
larda yem tiiketiminin azalmasina, solunum
hizinm ve su tiiketiminin artmasma neden ol-
maktadir (Collier ve Zimbelman, 2007).

iklim Degisikliginin Uretim Zinciri Uzerin-
deki Etkileri

iklim degisikligi, tiim diinyada et ve siit
tiretimi bakimmndan ozellikle de gida acig1 ve
gecim kaynagi hayvancilik olan iilkeler igin gok
onemli sonuglar doguracaktir. Asirt sicaklar,
tretimi (bliylime, et, siit, yumurta verimi ve
kalitesi), ¢iftlesme performansini, metabolizma-
y1, sagligi ve bagisiklik sistemini olumsuz etki-
lemektedir. Kiiresel 1smmanin neden oldugu
¢ollesme siireci, yem bazli ekili alanlarin tagima
kapasitesi ile tarimsal sistemlerin tamponlama
kapasitelerinin azalmasina neden olmaktadir.
Meraya dayali olmayan endiistriyel hayvancilik
sistemleri yem c¢esitliligi ve maliyetin yiiksek,
genotiplerin adaptasyon yeteneklerinin diisiik
olmasina bagh bir¢ok riskle kars1 karsiya kala-
bilirler. Ciftlik hayvanlar1 iretim sistemleri ile
iligkili olarak, su ve toprak yonetimi ile yem
iretkenligini en uygun diizeye getirmek, siirii
yonetimi ve seleksiyon ile cevresel stres ile bas
etme yeteneklerinin gelistirilmesi stratejik bir
yaklasim olacaktir (Van der Spiegel ve ark.,
2012).

Iklim degisikligi, iiretim zincirinde g1-
da giivenligine dair tehlikelerin ortaya ¢ikmasi-
na neden olacaktir. Yiiksek sicaklik artan CO,,
yagis miktarindaki degisimler; zararl canlilar ve
otlarin ¢ogalmasina ve organik karbon havuzla-
rinin risklere karsi daha kirilgan olmasina yol
acacaktir. Bu durum sadece gida giivenligini
degil, bununla ilgili gida {iretim sistemlerini de
etkileyecektir. Iklim degisikliginin ortaya cika-
racagl sonuglar diinyanin bir¢ok yerinde farkli-
lik gostermektedir (Paterson ve Lima, 2011;
Tubiello ve ark., 2008). Kiiresel 1sinma sonucu

hayvan hastaliklarinin artmasi ve hayvanlarin
sicak stresi yasamasi gibi olumsuzluklar dogru-
dan siit iiretimini etkilemektedir (Klinedinst ve
ark., 1993). Artan sicakliklar ve kuraklik ya da
sel gibi asir1 hava olaylar1 gida ve su bulunabi-
lirligi ile bunlarin kalitesini de etkilemektedir.
Ayrica sicaklik ve CO; seviyeleri iklim degisik-
ligine bagh olarak degistik¢e farkl tiirler igin
uygun bilyiime egrilerini ve tiirler arasi rekabet
kosullarint da degistirmektedir (Thormton ve
ark., 2009). Iklim degisikligi, tarimsal faaliyet
iginde tarima elverisli olmayan arazilerin ekolo-
jilerinin degisimini zorunlu kilarak dolayl etki
yaparken, tarima elverigli araziler de ise birgok
tiriin miktar ve dagilimlarina etki etmektedir
(Hickling ve ark., 2006). Yiikselen sicakliklar
bitki dokularinin odunlasmasmi arttirmakta,
dolayisiyla bitkilerin sindirilebilirligini azaltir-
ken (Minson, 1990), hayvanlar i¢in yem kay-
naklarinda azalmaya ve beraberinde et ve siit
tiretiminde diismelere neden olmaktadir. Bu
durum kiiciik tireticilerin gelirlerini etkileyecek
orada hayvansal {iretimde azalmalara yol agabi-
lecektir (Thornton ve ark., 2009).

iklim Degisikliginin Hayvan Refah1 Uzerin-
deki Etkileri

Hayvansal iretimde saglk ve refah
cevresel siirdiiriilebilirligin ayrilmaz birer par-
casidir. Entansif sistemlerde hayvanlarin verimli
doénemlerinin uzun, saghkli ve daha disik di-
zeyde sera gazi emisyonu tirettikleri kabul edi-
lir. Oysaki yiiksek verim elde etmeyi esas alan
bu sistem, hayvanlarin verimli dénemini kisalt-
masl1 ve ekonomik olarak uygun olmayan fazla
miktarda hayvanm yetistirilmesi gibi istenme-
yen sonuglar sekillenebilir (Anonim, 2009).
Entansif yetistiricilikte hayvanlar yiiksek yerle-
sim sikliginda bir arada tutulmakta ve hayvanla-
rin normal davraniglarini sergilemeleri engel-
lenmektedir. Uretim sirasinda ortaya ¢ikan giib-
re/camur ¢evre ve iklim degisikligini olumsuz
etkilemenin yani sira hayvanlarin refahimi da
azaltmaktadir. Bu da hayvanlarin saglhigmni ve
refahini tehdit eden 6nemli bir sorundur. Ayrica
kesim i¢in uzak mesafelere hayvanlarin nakli
hem tasima sektoriine dayali emisyonu artir-
makta hem de hayvanlarin refahin1 olumsuz
etkilemektedir (Anonim, 2013a). iklim degisik-
ligi, hayvansal tiretim sistemlerinin gtivenlik
acigimi artirirken, kuraklik gibi etkilerle mevecut
sorunlar daha da belirginlesmektedir. Yerli
wrklar endiistriyel isletmelerde yetistirilen kiiltiir
wrklarindan daha giiglii ve dayaniklidirlar. Bu
nedenle hayvanlarin refahinm iyilestirilmesi,
iklim degisikliginden kaynaklanan sorunlarin
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iistesinden gelmelerinde bir avantaj saglayacak-
tir (Altingekic ve Koyuncu, 2013).

Hayvanciligin Adaptasyon Stratejileri

Iklim degisikliginin dolayl etkileri,
hayvanlarin degisen iklim kosullarina adapte
olma girisiminden kaynaklanan yem ve su kitli-
&1, gida kaynakl hastaliklar, bulasici konukgula-
rin direnci, vektor kaynakli hastaliklarin yayil-
mast seklinde ortaya ¢ikabilir. Yiiksek sicaklik,
patojen veya parazitlerin gelisimini destekler-
ken, riizgarlarda meydana gelen degisimler ise
bazi patojen ve hastalik tasiyicilarin yayilmasina
yol agabilir. Iklim degisikligi, hastaliklarin yay1-
liminda degisimler gosterebilir ve bazi siddetli
hastaliklar onceden goriilmeyen siiriilerde de
ortaya cikabilir. Birgok arastirmada sicak ve
nemli ortamlarm bulagici hastaliklarin yan1 sira
¢iftlik hayvanlarinda sicak stresi meydana geti-
recegi ifade edilmektedir. Hayvanlarin iklim
degisikligine uyum siirecinde sicaklik degisik-
likleri ile basa ¢ikmaya calisirken yem tiiketi-
minde azalma, sagligin bozulmasi, tireme etkin-
ligi ve verimin dismesi ile baglantili bir¢ok
fizyolojik fonksiyonlarda degisiklik ve hastalik-
lara kars1 hassasiyet gibi davranigsal ve metabo-
lik degisimlere sebep olacagi belirtilmektedir.
Cevresel uyaranlara karst yanit olarak hedef
dokular1 etkileyen hormon salgilarindaki degi-
siklikler hayvanlarda yem tiiketiminin azalma-
sina, solunum hiz1 ve su tiiketiminin artmasina
neden olmaktadir.

Yetistiriciler iklim degisikligi ve farkl
gevre kosullarina geleneksel olarak adapte ola-
bilme yetenegine sahiptirler. Bu durum yasadik-
lar1 gevre ile ilgili derinlemesine sahip olduklari
bilgiden kaynaklanmaktadir. Ancak niifusun
artisi, sehirlesme, gevre sorunlar1 ve artan hay-
vansal gida tiiketimi ile basa ¢ikmada insanoglu
etkisiz kalmaya baglamistir. Buna ek olarak,
kiiresel 1sinma ile ortaya ¢ikan degisikliklere
topluluklar ve hayvan tiirlerinin dogal bir adap-
tasyonu kapasitesine ulasmalar1 olduk¢a zor
olmaktadir. Bu noktada hayvancilik sektériinde
adaptasyon artirmanin yollar1 agagida belirtildi-
§i gibi planlanabilir. (FAO, 2008; Thornton, ve
ark., 2008; Sidahmed, 2008).

Uretimin ~ diizenlenmesi: Mera yonetiminde
¢esitlendirme,  yogunlastirma, entegrasyon,
bitkisel ve hayvansal iiretim, arazi kullanimi1 ve
degisen sulama uygulamalari, faaliyet zamanla-
rinda degisiklikler, doga ve ekosistemin korun-
masl.

Yetistirme stratejileri: Birgok yerli ik zor ko-
sullara ¢ok iyi adapte olmuslardir. Bununla
birlikte gelismekte olan iilkeler, genellikle hay-
vancilik ve diger tarimsal uygulamalarda adap-

tasyonu hizlandirmaya yardimci olabilecek
uygulamalarda teknoloji kullanim eksikligi ile
karakterize edilir. Adaptasyon stratejileri sicak-
liga toleransi ele almaz ayn1 zamanda kot bes-
leme, parazitler ve hastaliklarin yogun oldugu
kosullarda hayatta kalma, gelisme ve iireme
yetenekleri ile de ilgilenmektedir. Bu adaptas-
yon mekanizmalart;

-Yerel rklarin belirlenmesi ve ¢ogaltilmasi, bu
wrklar yerel iklim sistemi ve yem kaynaklarina
kolaylikla adapte edilebilirler

-Yeni wrklarin bolgeye getirilmesi yerine yerel
wrklarin sicaklik ve hastaliklara dayanikli irklar
ile melezlenmesi, elde edilecek hayvanlarin
adaptasyonu ve yasama giicleri dogal seleksiyon
karsisinda daha giiglii olacaktir.

Pazar kosullari: Tarimsal pazarda diizenleme-
ler, bolgeler arast ticaretin tegviki ve kredi prog-
ramlari.

Kurumsal politika degisiklikleri: Tarimsal des-
teklemeler, sigorta sistemleri, 6zellikle hayvan-
cilik erken uyar1 sistemine dahil olan isletmeler
icin gelir ¢esitlendirme uygulamasinda diizen-
lemeler.

Bilimsel ve teknolojik gelismeler: Tklim degisik-
liginin etkileri ve nedenlerinin daha iyi anlagil-
masi, yeni wrklar ve genotiplerin gelistirilmesi,
hayvan saglhiginda gelisme, su ve toprak yone-
timinin iyilestirilmesi.

Hayvancilik isletmelerinde kapasitenin arttiril-
mast: Kiiresel iklim degisikligine iliskin farkin-
daligin arttirilmasi, iklim degisikligi ile basa
cikma noktasinda yetistiricilerin/igletmelerin
kapasiteleri ve bilgilerini 1iyilestirmek, yem
kaynaklarinin gelistirilmesi, siiriilerde a¢ligin ve
oliimlerin azaltilmasi igin ekolojik uygulamalar
ile gen kaynaklarinin korunmasi ve iiretim uy-
gulamalarina yonelik egitimlerin yayginlagstiril-
masl.

Ciftlik hayvanlarinda yonetim stratejileri: Ozel-
likle kirsal alanda diisiik gelirli yetistiriciler i¢in
pahali adaptasyon teknolojilerini almak yerine,
etkin ve ekonomik uygulamalar hayata gegiril-
melidir. Sicakligin artmasina baglh olarak ortaya
cikan sicaklik stresinin azaltilmasi igin yeterli su
saglanmali ve golgelik insa edilmelidir. Diisiik
gelirli yetistiriciler icin yiiksek enerji maliyetine
sahip sogutma sistemi yerine diisiik maliyetli
golgelik tercih edilebilir. Ciftlik hayvanlar: siirii
kompozisyonunu degistirilmeli (biiyiikbas yeri-
ne kiiciikbas, vb.). Yerel su kaynaklarmni basit
teknikler kullanarak daha etki degerlendirmek
(damla veya yagmurlama sulama, vb.). Evlerin
catilarina baglh tanklarda yagmur sularmi depo
etmek. Ciftlik diizeyinde uyarlanabilecek kisa
ve uzun vadede uygulamaya aktarilabilecek
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¢oziimler su sekilde Ozetlenebilir (Anonim,
2017);

l.isletme yem kaynaklarmin ekim tarihlerini
dogru bir sekilde ayarlama,

2.Hayvanlar1 asir1 soguk veya sicaklardan ko-
ruma noktasinda bina iklimlendirmesine yonelik
teknik ¢oziimler,

3.Yetistirme istekleri ve su kullanim1 noktasinda
uygun ayni zamanda normalin disindaki sicaklik
ve nem kosullarma uyan bitki ¢esitlerinin segil-
mesi,

4.Var olan genetik cesitlilik ve biyoteknoloji
tarafindan sunulan yeni olanaklar yardimiyla bu
kosullara uygun bitkilerin kullanilmas,

5.Zararl1 ve hastalik kontroliiniin etkililigini
artirmak, ornegin daha iyi izleme, ¢esitlendiril-
mis Uriin rotasyonlar1 veya entegre hasere yone-
timi yontemlerini iyilestirmek,

6.Su kayiplari1 azaltarak, sulama uygulamala-
rin1 gelistirerek, suyun daha verimli bir sekilde
kullanilmast ve suyun geri doniigiimii veya
depolanmasi,

7.Toprak nemini korumak i¢in su tutma oranini
arttiracak toprak yonetimini gelistirmek ve arazi
yonetimindeki yaklagimlarin hayvanlarin ya-
samsal faaliyetlerinin siirdiiriilmesini kolaylas-
tirmast,

8.Yiiksek sicakliga dayanikli hayvan irklarinin
tanitilmas1 ve hayvanlarin verilecek rasyon
modellerinin  sicaklik stres kosullar1 altinda
onlar1 rahatlatacak sekilde uyarlanmasi

Sonug

Hayvancilik sistemlerinde iklim degi-
sikliginin gelecekteki olasi etkilerini dnlemek
biiyiik ol¢lide bu siirecte yer alan bilesenlerin
etkilesimlerine bagl olacaktir. Hayvansal iire-
timin siirdiiriilebilir sistemlere doniistiiriilmesi
iklim degisikliginin etkilerini azaltmaya 6nemli
olglide katki saglayabilir. Hem insani hem de
stirdiriilebilir kiiresel gida tiretimini saglamak
icin 6zel ve bolgesel politikalar olugturmak
gereklidir. Diinya, artan niifusun beslenmesin-
den iklim degisikligi ve dogal kaynaklarin tah-
ribi gibi 6nemli birgok cevresel sorunla karsi
karsiyadir. Bugiin gelinen noktada siirdiiriilebilir
tarim ve ulusal ya da kiiresel gida giivenligi
stratejisi olusturma noktalarinin dncelikli konu-
lar arasinda yer almasi gerekir. Ozellikle son 10
yilda iklim degisikligine bagli ortaya ¢ikan asiri
kuraklik 6nemli ipuglar1 vermeye baglamistir.
Iklim degisikligi noktasinda hazirlanan model
projeksiyonlar kurakligin sikligi, siiresi ve kap-
sam1 noktasinda biiyiik artislar oldugunu gos-
termektedir. Kurakli§a yatkin alanlarda yapila-

cak hayvancilik uygulamalart ayni zamanda
bitkisel {iretimde yapilan hatalarin {stesinden
gelme mekanizmast olarak da kabul edilmekte-
dir. Bu sayede insanlara diizenli gelir saglama
ve yasamsal faaliyetleri karsilama noktasinda
bir giivenlik ag1 olusturulmus olur. Ancak hay-
vanciligin da énemli 6l¢iide kurakliktan etkilen-
digi unutulmamalidir.
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Continuous improvement of the genetic potential through breeding studies in
poultry has led to an increase in the nutrient density of the feed rations given to
these animals. In poultry farming, approximately 70% to 75% of the operating
costs constitute feeding costs, of which about 15% are animal proteins. The pro-
tein requirement of poultry is provided by feed stuff rations and usually by soy
bean meal or fish meal. Limited production opportunities and price increases have
led to the need to use alternative feed additives that can be substituted for these
products. Research conducted to date suggests that worms, rich in essential amino
acids and a high digestible protein source can be used as substitutes. As a source
of alternative protein, worms are consumed by their poultry in their natural habitat,
while intensive and extensive studies are needed to be used as a sustainable feed
additive. In this review, research on the usability of worms as an alternative pro-
tein source in poultry diets has been compiled and evaluated.

1. Introduction

The fast increase in the population of the world has
caused that the problems in nutrition also increased
(Ozen et al., 2005), and brought with it the difficulties
in covering the animal protein needs, which are im-
portant for human nutrition (Makkar et al., 2014).

Eggs and chicken meat, which are among the ani-
mal protein sources, are inevitable products for human
nutrition. Egg contains nearly all of the energy, fat
acids, protein, vitamin, and minerals needed by human
body at suitable amounts and rates. Chicken meat, on
the other hand, is preferred more than red meat because
of its ease in production and consumption, low choles-
terol, calorie and fat amounts, high protein and calcium
rates, and because of its cheap price. When compared
with other nutrients, egg protein ranks the first in bio-
logical availability with 95% digestibility. Chicken
meat, on the other hand, contains the amino acids that
are not synthesized by human body in a sufficient
amount and rate, and has proteins with high biological
availability (Oztiirk, 2016).

*Corresponding author: b.028@hotmail.com

Poultry husbandry is more economic than the other
farm animals due to better food conversion ratios and
short production periods. Poultry husbandry has been
performed in cages where animal comfort has been
provided and the most poultry husbandry amounts are
achieved with lowest costs per unit with traditional and
modern organic methods and with backyard poultry
husbandry (Oztiirk, 2016). The biggest cost in all sys-
tems applied in poultry husbandry is the feeding. Near-
ly 70-75% of the total poultry husbandry activities
consist of feeding costs, and 15% of this rate consists
of proteins (Ozen et al, 2005; Banerjee, 1992). Soy-
bean meal and fish meal, which are used as protein
sources in poultry rations, being costly increases poul-
try husbandry costs (Adeniji, 2007). For this reason, it
has been reported that worms and insects may be used
as protein sources to ensure that poultry animals are fed
in a balanced and sufficient manner and poultry hus-
bandry activities are sustained (Van Huis et al., 2013).

Worms are natural nutrient sources for poultry
animals. For example, chicken can pick up the earth
worms and their larvae in and on the surface of the soil.
When the natural role of worms in some farm animals
as nutrients is considered, they may be re-evaluated for
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the purpose of being used as nutrients for certain poul-
try (Van Huis et al., 2013). Studies conducted so far
have shown that it is technically possible to grow in-
sects in large scales, and several authors have claimed
that these insects may be used as alternative and sus-
tainable nutrients that are rich in protein in poultry
rations (Veldkamp et al., 2012; Khan et al., 2016). It
was also reported that the plant wastes and other organ-
ic wastes of worms that have less hard crusts or chi-
tosan and which are lower in digestion when compared
with insects may be converted into protein with high
value, and be used in feeding poultry. They may also
be used in recycling of organic substances (Harword
and Sabine, 1978; Prayogi, 2011). When suitable con-
ditions appear, earthworms pass the soil through their
stomach at a rate of 60% of their own live weights and
make the soil become organic thus contributing to
sustainable agriculture at an important rate. Including
the worms, which constitute an important place in
natural lives of poultry animals, again in poultry hus-
bandry activities may create an important potential in
terms of the comfort of animals, ensure quality protein
at reasonable prices, and protection of the environment.
In this compilation, the possibility of using worms as
alternative protein sources in feeding poultry will be
summarized.

Table 2.

Nutrient and Energy Contents of Worms (Bernard et al., 1997).

2. Nutrient Composition of Worms

Worms include protein in dry matter at a rate of
64.5% and 72.9% (Table 1), and are very precious
protein sources (Lieberman, 2002). The level of the
proteins, which are accepted as structural elements and
which take part almost in every physiological function,
is directly related with the growth of worms (Hatti
Shankerappa, 2013). In addition, worms contain carbo-
hydrates at a rate of 8-20% of the dry matters of their
bodies (Edwars, 1985; Ghatnekar et al., 2000).

Table 1.

Comparison of Worms with Fish Meal and Soybean
Meal (Ghatnekar et al., 1995; 2000; Rumpold and
Schliiter., 2013).

Protein Crude protein (%) Ether extract (%)
source

Worm 64-73 7-10

Fish meal 61-77 11-17
Soybean meal 49-56 3

When the energy contents and nutrients of some
worms are examined, it is observed that worms have
high nutrient values in terms of protein, fat and mineral
contents (Table 2).

Dry matter Crude protein Ether extract Ash Acid detergent Gross Energy
Worm Species (%) (%) (%) (%) fiber (%) (kcal/g)
Black worm 18.4 47.8 20.1 45 0.7 5.57
Blood worm 9.9 52.8 9.7 11.3 * *
Earth worm 20.0 62.2 17.7 5.0 9.0 4.65
Night worm 16.3 60.7 4.4 11.4 15.0 4.93
Tubifex worm 11.8 46.1 15.1 6.9 * *

*: Value not determined.

Watson (1957) show that approximately 80% of the
cuticle consists of a protein component, which contains
a high proportion of hydroxyprolyl and glycyl residues.
The remainder of the cuticle is chiefly composed of
polysaccharide, which when hydrolysed yields galac-
tose and small amounts of both pentoses and hexosines.
He also reported that the remaining part consisted of
galactose, pentose and hexose-giving polysaccharides
at smaller amounts. Edward (1985) conducted a study
and reported that the muscle tissue of 100 kg worm
consisted of protein at a rate of 60-70%, ether extract
(EE) at a rate of 6-11%, carbohydrates at a rate of 5-
21%, minerals and vitamins at a rate of 2-3%.

Sabine et al. (1986) analyzed the protein content of 3
worm species in South Africa, and determined the CP
content at 66.1%, 58.4% and 61.6% for Eisenia fetida,
Eudrilus eugeniae and Perionyx excavatus respectively
with 61% for fish meal. Ghatnekar et al (1995; 2000)
reported that the dry matter of worm consisted fat 60-
70% protein, 7-10% of fat, 8-20% carbohydrates, 2-3%
minerals and various vitamins. Zhenjun et al. (1996)
reported that the earthworm had a CP content at a rate
of 54,7-71% in dry matter. Bernard et al. (1997) de-
termined that the earthworm contained in 1.72% Ca,
0.90% total P, 0.14% Mg, 0.02% Na, 0.06% K. Paoletti
et al. (2003) reported that the earthworm contained in
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64.5% and 72.9%. Sogbesan and Ugwumba (2008)
reported that the earthworm contained in 63.0% CP,
5.9% EE, 1.9% crude fiber (CF), 8.9% ash, 11.8%
nitrogen free extracts (NFE), 0.43% Na, 0.53% Ca,
0.62% K, 0.94% P and 1476 kJ/100g metabolic energy.
In addition, the same authors found out that the essen-
tial amino acids composition (g/16gN) for the earth-
worm they analyzed as arg 2.83%, his 1.47%, iso
2.04%, leu 4.11%, lys 6.35%, met 5.30%, phe 6.26%,
thr 4.43% and val 4.43%. Hasanuzzaman et al. (2010)
reported that Perionyx excavatus worm contained
46.57% CP and 8.03% EE. Hatti Shankerappa (2013)
determined that Polypheretima elongata species con-
tained 63.1% CP, 7.3% EE and 15.4% glycogen.

It has been reported in studies conducted so far that
the differences between the mineral contents of worms
occur due to the mineral content of the soil. The miner-
al composition in the bodies of the worms may vary
depending on the components of the soil (Quachem et
al., 2015). Since the lifecycle of worms occurs in soil,
the existence of minerals in the soil affects the compo-
sition of the worms. For this reason, this situation
should be considered in feeding animals.

It is estimated that poultry kept in open air consume
10g soil, 7g plant and 20g insects and worms a day
(Ouachem et al., 2015). It is observed that the soil and
worm consumption of the chicken kept in free systems
is not in rates that can be underestimated. It has been
reported in the literature that the differences in the
mineral compositions may be affected by these two
sources at high levels. For this reason, this situation
must be considered in using worms in feeding animals.

3. Using Worms in Poultry Nutrition

The main limiting factors in feeding poultry are the
protein and energy contents of the rations. Generally,
fish meal and soybean meal are used as protein sources
in poultry rations in today’s conditions. However, the
increases in the prices of fish meal and soybean meal
due to various reasons also because some increases in
the prices of the rations of poultry (Tacon and Metian,
2008). Continuous increase in the prices of these prod-
ucts gave rise to the need for the search for new protein
sources as alternatives to these two previous agents.
Worms are among the alternatives that may be used as
protein sources for this purpose (Zhenjun et al., 1996;
Guerrero, 1983; Kostecka and Paizka, 2006).

When the compositions of the nutrients are ana-
lyzed it is observed that worms contain amino acids,
lipids, carbohydrates and minerals that are necessary
for poultry animals at high levels (Paoletti et al., 2003;
Dedeke et al., 2010). As a matter of fact, since worms
contain protein and amino acids at adequate levels, it
has been reported that they may be used as protein
sources in poultry (Akiyama et al., 1984; Mason et al.,
1992).

Fisher (1988) determined that the rates of making
use of the rations in poultry for which worms were
used as being higher. It was also reported that the es-
sential amino acid structure of the earthworms that will
be added to the rations of poultry was suitable and
could be covered with earthworms that would be added
to the ration at a rate of 15% (Taboga, 1980).

Zhenjun et al. (1996) conducted a study and con-
cluded that earthworms could be used as animal feed
with the protein levels they contained, and added that
they had a high nutritional value that was higher than
that of the fish meal and soybean meal in terms of
protein rate and amino acid structure.

Ali (2002) conducted a study and reported that the
Perionyx excavatus epige worm in Bangladesh among
the many earthworms had a potential to be used in
feeding poultry because it stayed in ecological condi-
tions nearly all year round.

Hatti Shankerappa (2013) reported that the chemi-
cal contents like protein, lipid and glycogen of Poly-
pheretima elongata, Peronyx sansibaricus and Dicho-
gaster bolaui worms, and the changes in their weights
were at the highest levels in summer months, at the
middle levels in monsoon rains, and at the lowest val-
ues in winter months. The author claimed that these
worms could be used as nutrients in human consump-
tion with fish, poultry animals and pigwash due to the
high protein, lipid and glycogen contents.

Ton et al. (2009) determined that adding 2% worms
to broiler rations caused increases in the live weight of
broilers in the 10™ week, and this did not have any
negative effects on meat quality.

Prayogi (2011) conducted a study to determine the
rate of replacing the fish meal with worm meal in
quails, and reported that using 10% worm meal in the
mixture was possible to use in the rations instead of
fish meal without any detrimental effect; however,
when the rate was increased to 15%, the consumption
of feed decreased. Son and Jo (2013) reported that
adding 0.4% worm meal to the broiler rations improved
the feed consumption and live weight, and increased
the digestibility of the nutrients.

Sharma et al. (2005) defended that heavy metals
and other pollutants could be received by worms and
they might be transferred to the poultry that consumed
these worms. Son (2009) reported that there were as
(4.41 ppm), Cd (1.23 ppm), Cr (1.18 ppm), Hg (0.00
ppm) and Pb (3.39 ppm) heavy metals in worm meal.
However, Son also reported that these metals were not
transferred to the meat or egg, and did not affect the
quality. The findings show that the environment where
worms are fed affect the body compositions of these
worms; however, the compounds of the worms is not
reflected in the poultry at the same rate.

In this context, it may be concluded according to
the data reported in this study that some toxic minerals
may not be transferred to products through worms;
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however, further studies are needed to make sound
conclusions in this topic.

4, Results

Studies conducted so far show that earthworms
have nutrient contents that are close to those of the fish
meal and more valuable than those of soybean meal;
and for this reason, they may be used as alternative
potentials for fish meal and soybean meal.

Earthworms pass soil through their stomach each
day and make the soil become organic at a rate of near-
ly 60% of their body weights thus contributing to sus-
tainable agriculture. With these properties, and by
including worms, which have an important place in the
natural lives of poultry animals and which are im-
portant elements in the ecosystem of the soil, in poultry
husbandry again, the comforts of animals will be im-
proved and the protein will be provided at a cheaper
price, and an environmental protection effect may be
achieved with the help of recycling of animal and plant
wastes.

Using worms in feeding poultry animals as protein
sources may not be accepted immediately in some
societies. However, this must be kept in mind that
poultry animals naturally consume worms in their natu-
ral habitats, and this situation may be accepted by soci-
eties in time.
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